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It is planned that data submitted by the Washington State Apple 
Commission, in fulfillment of its contract with the U. S. Department of 
Agriculture, will be published by the Agricultural Marketing Service in 
five reports. Marketing Research Report No. 49, Apple Handling Methods 
and Equipment in Pacific Northwest Packing and Storage Houses, published 
in June 1953, and Marketing Research Report No. 71, Handling Empty Apple 
Boxes in Pacific Northwest Packing and Storage Houses, published in 
June 1954, are the first two of these reports. This publication covering 
Innovations in Apple Handling Methods and Equipment is the third report. 
Other reports are expected to cover: (1) The effect of apple handling 
methods on storage space utilization; and (2) plant-wide material s-handling 
costs. After the five reports are issued, a summary report is planned. 


Methods and Costs of Loading Apples in the Orchard in the Pacific 
Northwest, Marketing Research Report No. 55, published by the Agricultural 
Research Service of the Department in January 1954, summarizes another 
phase of the study. 


Some of the results of this regearth are available now in summary 
form, through the Department of Agriculture film entitled Apple Handling 
Methods. A print of this film may be obtained on a loan basis from: 


Visual Aids Service 
University of Illinois 
713% South Wright Street 
Champaign, I11. 


For sale by the Superintendent of Documents, U. S. Government Printing Office 
Washington 25, D. C. - Price 50 cents 
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SUMMARY 


Two objectives of the materials-handling research undertaken in apple houses in the 
Pacific Northwest were: (1) To develop and test improved methods for using present equip- 
ment; and (2) to introduce some of the newer types of materials-handling equipment, 
develop methods for the use of this equipment, and test the methods under actual operating 
conditions. Fight innovations in apple handling methods were tested. These innovations 
and the major findings in the tests were: 


1. Gravity-type roller conveyors were installed at a belt-conveyor plant on warehouse 
platforms and road-truck beds for receiving 36-box unit loads on pallets. Unloading by 
this new method cost about the same as unloading boxes one at a time, but added costs 
incurred at the orchard, inherent in the new method, made the innovation more expensive. 
The elapsed time for unloading 1,000 boxes, however, was reduced from 1.5 man-hours to 
0.27 man-hour, and this saving in time for the road truck and its driver would have 
resulted in a reduction in total costs. 


2. Forklift truck-trailer trains were used for transporting apples from storage to 
the packing line. An industrial forklift truck was used to pull a train of 3 trailers 
carrying six 48-box pallets of apples for 300 feet to the dumping area in a new one-story 
plant. The forklift truck. was used to load the pallets onto the trailers; when |] train was 
used, it also unloaded them on roller conveyors at the dumping station, and when 3 trains 
were used, the trailers were released at the dumping station, and boxes were unloaded as 
needed. There was no saving in handling costs when ] train was used, but when 3 trains were 
used the labor and equipment cost of handling 1,000 boxes was reduced from $5.66, when the 
forklift truck alone was used, to $3.74 by the new method. 


3. Tractor-trailer trains were used for transporting apples between storage and the 
packing line. Three trains of three trailers each, towed by a tractor (mule) instead of an 
industrial forklift truck, moved unpacked fruit from storage to the packing line and moved 
packed fruit from the packing line to storage. One industrial forklift truck was used at 
the packing line and another in the storage room to load and unload boxes of apples. This 
method proved to be much more expensive than the usual method of using two forklift trucks, 
one at each end of the packing line, to perform the whole operation. 


4. Twenty-four-box industrial clamp-type lift trucks were used for handling apples 
in plants of more than one story and equipped with belt-conveyors, and customarily using 
hand trucks. Conveyors were continued in use for interfloor movement of apples. When the 
24-box clamp truck was substituted for the usual hand truck and manual high-piling methods, 
costs per 1,000 boxes for receiving fruit into the plant were reduced from $12.60 to 
$9.38. Substantial savings were realized when a mechanical high-piler or an industrial 
clamp truck was used only for high-piling boxes of apples and breaking them out of high 
piles. When the 24-box clamp truck, instead of the usual hand-truck and manual methods, 
was used to move the fruit from the packing line back to storage, costs were reduced from 


$20.79 per 1,000 boxes to $12.78. 
5. Twelve-box industrial clamp-type trucks were used for moving apples from storage 


to the packing line and for loading refrigerator cars. This method showed little or no 
saving compared with the usual methods. 
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6. Broad-blade industrial forklift’ trucks were used for handling unpalletized 
unit loads. The saving from elimination of pallets by this method was more than offset 
by costs arising from the necessity for top tie frames and dunnage strips and a reduction 
in maneuverability of the equipment, so that the innovation resulted in higher costs than 
those of the usual methods. 


7. Industrial forklift trucks and elevators were used for moving pallet loads 
between floors in multistory buildings. By using a forklift truck on each floor to move 
boxes of apples between floors, the cost of handling the apples was $1 per 1,000 boxes 
less than when using the trucks and an elevator. Also, it cost $1.36 less to move the 
fruit from storage to the packing line with the trucks alone, as compared with costs 
for the trucks plus an elevator. 


8. Thirty-six-box pallet loads of apples were loaded into a refrigerator car at 
a packinghouse and unloaded as units at destination. Use of this pallet system proved 
to be more than twice as expensive as the commonly used methods. Most of the cost of the 
pallet system lay in the cost of expendable pallets and strapping material. 


ee ee 


By Earl W. Carlsen, director of research 
Raoul S. Duerden, industrial engineer, and 
D. Loyd Hunter, industrial engineer 
Washington State Apple Commission 


and 


Joseph F. Herrick, Jr., agricultural economist 
Transportation and Facilities Branch 
Marketing Research Division 

Agricultural Marketing Service 


INTRODUCTION 


One of the objectives of materials-handling research conducted in Washington State 
apple houses was to develop and test improved methods for using present equipment and to 
introduce and test, under actual operating conditions, some of the newer types of equipment 
not now being used. The program included testing 8 innovations, 5 of which applied to the 
receiving of apples; 1 to shipping; 1] to the possibility of reducing costs of pallets; and 
1 to moving fruit between floor levels. The 8 innovations are reported in the sections that 


fol low. 


Fmphasis was given to costs of receiving fruit because of their importance in warehousing. 
During the receiving period of 6 to 8 weeks, labor is scarce and it is difficult to regulate 
smoothly large crews of new help. Also, it is necessary to move fruit promptly and handle it 
gently to preserve quality. Although these factors cannot be measured in monetary terms, 
plant managers should consider them in selecting equipment. 


Types _of Packages Handled 


The standard Northwest apple box is the principal type of container used in Washington 
State for handling both packed and unpacked fruit. Its inside dimensions are 10% by 11% by 
18 inches. This box is used both as a field box and as a shipping container. The boxes are 
taken to the orchard and the picked apples are placed in them, no fruit extending higher 
than the top level of the box. The loose- filled boxes are then moved to the packing house 
and either stored or sent direct to the packing line. After unpacked boxes of fruit have 
been dumped at the packing line, the empty boxes are sent forward on conveyors, and the 
packers wrap and pack apples into them. Packed boxes are then lidded before leaving the 
packing line and either moved to storage or directly to a refrigerator car for shipment. 


Because some fruit is now packed in cartons, a special field box is now being used 
commonly. These field boxes usually have the same dimensions as standard apple boxes, but 
are more substantial with the bottom and ends of thicker material. 


The weight of an unpacked standard box of apples is roughly 35 pounds. Boxes of unpacked 
fruit are not lidded and must be handled accordingly. The weight of a packed standard box 
is 50 pounds. Packed boxes are handled and stacked on their sides. 
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Another type of container used for shipping apples is the regular slotted design 
cardboard carton. The greatest use of this carton is for fruit tray-packed in molded pulp- 
board trays. This carton usually has about the same outside dimensions as the standard 
wooden box. 


Time studies show that labor for handling cartons does not differ greatly from labor 
for handling boxes. Also, there is little difference in labor in handling packed and un- 
packed boxes, but there is the difference that unpacked boxes are usually handled in mul ti- 
ples of 6, and packed fruit, in multiples of 5 boxes. 


The appendix includes tabulations of standard data on the man-hours and equipment-hours 
required for the individual operations involved in comparing the eight innovations reported 
in this publication. 


Several of the tables list costs of handling 1,000 boxes both at current wages and at 
assumed wages. The current wage computations are at the going rate for the 1952 season 
($1.15 an hour for unskilled labor and $1.30 an hour for semiskilled). The assumed wages 
are $0.25 an hour higher for each group, and the results reveal a shifting of advantage in 
certain methods as wage rates change. Using the data in the appendix, any manager can 
compute corresponding cost figures for his own wage rates. 


The appendix also explains the way in which the hourly cost for equipment was computed. 
The combined man-hour and equipment-hour costs provide a basis for comparing the relative 
efficiencies of the innovations. But the cost data shown do not reflect total costs to the 
plant and should not be used by plant managers for budgetary purposes. In plants that 
allocate labor and equipment costs to various operations, these costs might serve as 
desirable goals for cost reduction efforts. 


GRAVITY-TYPE ROLLER CONVEYORS INSTALLED ON WAREHOUSE 
PLATFORMS AND ROAD TRUCK BEDS FOR RECEIVING 
36-BOX PALLET LOADS 


For receiving fruit at the warehouse, Innovation 1] was the installation of 14-inch- 
wide gravity-type roller conveyors on the warehouse platform and the road truck bed, so 
as to permit the transfer of 36-box unit loads directly from the road truck to the plat- 
form without the use of a,forklift truck. This method was tested in an attempt to: 
(1) Reduce the time for growers’ trucks and drivers at warehouses; and (2) reduce the size 
of the receiving crews and minimize their wait time between truckloads. This method tested 
use of roller conveyors for quickly transferring lots of fruit from the road truck to the 
platform to form a temporary bank from which boxes could be placed by hand on belt con- 
veyors or hand-trucked to storage. 


This method was tested in a plant that used belt conveyors for receiving fruit. Three 
15-foot roller conveyor sections were laid lengthwise of and fastened to the bed of a 
road truck and three 15-foot sections of conveyor were fastened to the receiving dock 
adjacent to a belt conveyor. On the truck bed the conveyor sections were laid parallel 
to each other with one section in the center and the other two sections spaced to provide 
tracks near the outer edges. On the platform the sections were laid from the edge of the 
platform toward the inside of the building and spaced to correspond to the sections on 
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the road truck. A road truck bed stabilizer 
of the: type shown in figure 1] was installed 
immediately in front of the roller conveyors 
fastened to the receiving dock. A stabilizer 
unit of this type, or one of those shown in 
figures 2 and 3, was necessary to hold the 
truck bed securely in place while unit loads 
were being rolled off to the receiving plat- 
form. The stabilizer also was necessary to 
elevate the road truck bed to the height of 
the receiving platform so that unit loads : 
could be moved off smoothly. Sheets of _ Pd 

1/2-inch plywood, 36 by 40 inches, were used es 

as pallets for a 36-box load. Figure 4 shows 

a hole drilled into one edge of each sheet Figure 1.--A hydraulic stabilizer unit 
and used for hooking and pulling the load used to hold truck bed firmly in place 
over the roller conveyor. during unloading operations. 


tS 
Figure 2.--A modified wedge-shaped truck Figure 3.--A wedge-shaped truck bed 
bed stabilizing unit made from angle stabilizing unit made from 4 x 4’s. 
tron. 


Loading Road Trucks in Orchard 


In the orchard a 2-man crew loaded the road truck. One worker on the truck placed a 
plywood pallet in the corner of the truck and built on it a 36-box unit load. Another 
worker placed boxes on the roller conveyor and gave them a push to the piler (fig. 5). 

As each unit load was completed, another pallet was placed until 8 pallets, carrying 

288 boxes, were filled. The four pairs of pallet loads were placed close together in the 
middle of the road truck bed so that the edges of both pallets rested on the center roller 
conveyor section. This left some space beteeen the load and the side gates of the truck. 
This unoccupied space made difficult the job of tying the load for transit. Block wedges 
were placed between the rollers back of the last pallets at the tailgate to stabilize the 
boxes on the roller conveyors. Wooden blocks also were placed between the side gates and 
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Figure 4.--A box hook is inserted into hole in the edge of a plywood pallet which is 
resting on roller conveyors attached to the receiving platform. 


Figure 5.--One worker standing on orchard trailer bed 
pushes boxes on fixed roller conveyor sections to man 
stacking the boxes on the plywood pallets. 
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and the stacked boxes to prevent shifting. With rope pulleys, the load then was pulled 
together and tied for transit to the warehouse. 


As shown in table 1], this method required 4.29 man-hours of labor to load 1,000 
unpacked boxes of apples from orchard trailers to road trucks. The elapsed time required 
was 2.14 hours. The usual method of loading a truck with roller conveyors is to use a 
section of portable roller conveyor placed on the truck bed so that the individual boxes 
can be rolled from the tailgate to the piler. The roller conveyor section is withdrawn 
as the load is completed. By this method 4 man-hours of labor and 2 hours of elapsed time 
were required (table 2). The difference in labor requirements between these two methods 
was 0.29 man-hour per 1,000 boxes. 


Table 1.=-Labor required for a 2-man crew to load 1,000 unpacked boxes of apples from orchard 
trailers onto road trucks by use of 3—roller conveyor sections fixed to the 
road truck bed when boxes are palletized in 36—box unit loads 


7 : Productive : Wait $ Total 
Operation : nGEKERS : time 3 time : labor 
Number ; Man—hours Man-hours Man-hours 
Setup and cleanup . . . 8 6 2s ss ee ee ws 8 2 : 0.37 0.0 0.37 
Position pallets on roller conveyors. .... : 2 : -10 -10 -20 
Transfer boxes from trailer to truck using 3 7 
fixed roller conveyors on the road truck 2 : 
Bedincasy con Givtomverten setter oa ten tc= es (op coat ah Say Contes” cal Je 2 : 272 29 sve 
Total, man-hours. «0. 6. 3 «© ¢ «© « # «2 = 3 = : 4.1 210 we 
Elapsed time--hours. ... » - : as _ 38 : Z <i 


Table 2.--Labor required for a 2-man crew to load 1,000 unpacked boxes of apples from orchard 
trailers onto road trucks by use of a portable roller conveyor 
section when boxes are not palletized 1/ 


; : Productive : Wait 7 Total 
ti Wi 
Deereuie pee ten igas be 4am at. Debor 
: Number : Man-hours Man-hours Man-hours 
Setup and cleanup. ...........% > 2  : 0.28 0.0 0.28 
Transfer boxes from trailer to truck using a $ 3 
roller conveyor on the road truck bed. ... : 2 3 3.72 Fle) 3.72 
Total ‘man=—Nours’s is. « «<6 «2% we 6 we ate 3 - : 4-00 Ae) 4.00 


Elapsed time--hours. . 


1/ Unpublished data, on orchard-handling methods, supplied by the Washington State 
Apple Commission. 


The innovation using fixed roller conveyors on the bed of the truck and plywood 
pallets resulted in an orchard loading cost of $5.20 per 1,000 unpacked boxes of fruit 
which is $0.52 per 1,000 boxes more than the cost by the common method (table 3). Nearly 
one-half of the increase was attributable to the use of additional equipment. 


Table 3.--Comparative labor and equipment costs for loading 1,000 unpacked boxes of apples from orchard 
trailers onto road trucks by 2 specified methods 


kre sc seen gual : Labor and equipment costs 
flaps ee 
Method PMOUES: tine: Equipment 4 Total 3 : 5 Total cost 
p 3 time : labor :Equipment: Labor :Current:Assumed 
5 : 3 i wages ; wages 


Number: Hours : Machine-hours Man-hours : Dollars Dollars Dollars Dollars 


Portable roller conveyor: : 3 7 
2 men load boxes onto : : 


the bed of the road : B . 
truck wie ives ee css Se) S200 1/ 1.86 4.00 : 0.08 4.60 4.68 5.68 
Plywood pallet and fixed 
roller conveyors: 

2 men load boxes onto : $ 
pallets resting on : : : 
roller conveyors fixed : 
to the bed of the road 3: 
tPUCK 2s cs ws we Rw we EO 


oe 00 00 


Qik = 2/ 2.24 4.29 = 437 h03 ~ ~5220- 6.27 


i 2 2 
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V/ One 15-foot section of portable roller conveyor. Equipment is used 0.14 hour less than total 
elapsed time of 2 hours because stacks at tailgate of road truck were loaded manually. 
2/ Three 15-foot sections of roller conveyor or total of 45 feet. Pallet cost not included. 


Unloading from Road Trucks and Moving Apples into Storage 


When the loaded truck used in testing 
the new method arrived at the warehouse it 
was backed in against the receiving platform 
so that the sections of roller conveyor on 
the truck bed matched the sections on the 
platform (fig. 6). No great difficulty was 
encountered in matching the ends of each sec- 
tion as the 14-inch conveyors used permitted 
the truck to be an inch or so off center. with- 
out causing any difficulty in unloading. After 
the road truck was backed into place, a hy- 
draulic stabilizer unit was placed under the 
truck to raise and stabilize the truck bed at 
a height matching the height of the rollers 
on the receiving dock. After the truck bed was 
stabilized, 2 workers untied the load and, with 
box hooks inserted in the holes in the plywood 
pallets, they simultaneously pulled 2 unit 
loads off the truck bed onto the platform 
(fig. 7). In approximately 5 minutes, the 
2 workers unloaded all 8 pallet loads. After 
all pallet loads had been removed from the 
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truck bed, the road truck driver released Figure 6.--Road truck backed into place 
the hydraulic stabilizer unit, loaded 8 against receiving dock so that the 
empty plywood pallets and was ready for roller conveyors on the road truck bed 
the return trip. match the roller conveyors on the 


platform. 


Figure 7.--Two workers pull unit loads off road truck 
bed onto receiving platform. 


After the road truck pulled away the 2 workers on the receiving platform transferred 
the boxes from the plywood pallets to a belt conveyor (fig. 8). As each group of 2 pallets 


was unloaded, the workers removed the empty pallets and pulled 2 more loads forward to 
the conveyor. 


The necessity for moving the unit loads forward on the roller conveyors might have 
been eliminated if rows containing 3 pallets each had been moved to both sides of the 
belt conveyor instead of both rows of pallets being on one side of the conveyor. Boxes 
would have been transferred from the previously positioned pallets onto the belt. The 
warehouse workers would have moved down the belt conveyor, transferring the boxes to the 
belt from pallets previously positioned on each side of the belt, and removing the pallets 


after all the boxes had been unloaded. Thus, an entire truckload might have been placed 
on the belt with no interruptions. 


By use of plywood pallets and fixed roller conveyors the total labor required to 
unload and move to storage 1,000 unpacked boxes of apples was 1].79 man-hours which was 
not significantly different from the labor required by the method usually employed at 


Figure 8.--Two warehouse workers transfer boxes from 
the plywood pallets to the moving belt conveyor. 


belt-conveyor-plants (tables 4 and 5). However, r, the important consideration is that the 


elapsed truck-unloading time was _reduced from 1,50 50 hours by the conventiona! method to 
0.27 hour through the use of the inno innovation. 


Table },,--Labor required for a 10-man crew to unload from road trucks in 36-box unit loads and 
move into storage 1,000 unpacked boxes of apples by use of gravity-type roller col. _,ors, 
belt conveyors, and clamp—type 2-wheel hand trucks and manually high-pile 

boxes 12 high as fruit is received 


7 : Productive : Wait 7 Total 
Operation Workers ‘ time : + ime ‘ aber 
: Number : Man-hours Man-hours Man-hours 
Setup and cleamip. ... ws hee “SS 2 : 0.17 0.0 0.17 
Pull 36-box unit loads off road “truck ‘bed io : 2 

platform. . ‘ ia Ss 2 : ~36 9) 36 
Transfer boxes from. pallets to belt conveyor : : 

(conveyor moves boxes 50 feet). dct CGR Oh oP eles AS 2 a Sy, 99 2.56 
Move empty pallets to stacking point oe. : 2 : -23 ae) 223 
Transfer boxes from the belt conveyor to 6-high : : 

stacks. .. Sofes a. oun & is 2 2 157 1.25 2.82 
Pick up stacks by Sonnac hend emcee 3 2 7 soe, «0 a32 
Transport 6-high stacks 50 feet by 2-wheel hand : 

truck to storage point... a ae te. Sines. ee, deg 2 <1 507 1/ .08 1.15 
Release 6-high stacks in storage area... . 3 2 : 039 -96 1.35 
Manually high-pile boxes 12 high (500 boxes) . ee 2 2 2.83 -0 2.83 

Total man-hours «2. 2 ss #6 ee ee ee me OF - > 8.51 3.28 11.79 


Elapsed time--hours . 


1/ Wait time caused by crew interference. 
2/ Truck unloading only. 


Soe 


Table 5.--Labor required for an 8-man crew to unload from road trucks 1 box at a time and move 
into storage 1,000 unpacked boxes of apples by use of belt conveyors and clamp-type 
2-wheel hand truck, and manually high-pile boxes 12 high as fruit is received 1/ 


. : : Productive : Wait ; Total 
_—s Oeeretren pnereerS : time E time ;___ labor 
: Number : Man-hours Man-hours Man-—hours 
Setup and cleanup. . . Je Gees 2 a7 8) 2 “O16 0.52 0.68 
Place boxes on belt conveyor (conveyor moves : : 
boxes 50 feet). : caeiaoneree 2°92) (1.53 1.29 2.82 
Transfer boxes from. the belt conveyor io : 2 
6-high stacks... SueumeMieinsnemson = Z 1.57 125 2.82 
Pick up stacks by o-aiicel “hand tracks. cae sae i 232 9 «32 
Transport 6-high stacks 50 feet a 2-wheel hand : 
trucks to storage point... eee eens 2 1.07 3/ .08 1325 
Release 6-high stacks in storage area. .. canes : 039 = 1.35 
Manually high-pile boxes 12 high (500 boxes) . : 2.83 2.83 
Total man=hoursh aq.) s <) vents. ce otis: “os! toe ee, Sos - 3 7.87 4.10 11.97 
Elapsed time--hours . é wees 7 7 = : 1.50 


1/ Data from table 41 of Marketing Research Report No. 49—"Apple Handling Methods and 
Equipment in Pacific Northwest Packing and Storage Houses." 

2/ Two of the 8 workers do the setup work at the road truck while the other 6 workers spend 
most of their time waiting. 

3/ Wait time caused by crew interference. 


Based solely on plant handling costs, the new method did not materially reduce the 
cost of receiving fruit from road trucks. As shown in table 6, labor and equipment costs 
per 1,000 boxes are almost identical with the costs of receiving unpal letized boxes by the 
conveyor-hand truck method, there being only $0.01 difference which was computed on the 
basis of current wage rates. Equipment costs with the new method are slightly greater than 
by the usual method offsetting a smal] saving in labor. The elapsed time to unload the 
road truck was reduced 82 percent. If this reduction in the time the road truck and driver 
remain at the plant for unloading were taken into account, a substantial saving should 
result from the new method. At an assumed cost of $3 per hour for road truck time, the 
1.23 hours saved per 1,000 boxes would have a value of $3.69. The saving in the driver’s 
time would amount to $1.41 (at $1.15 per hour wage rate), bringing the total saving to 
$5.10 per 1,000 boxes. 


Combined Loading and Receiving Costs 


When the costs of orchard and warehouse handling are combined, costs by use of the 
new method are slightly greater than costs using the common method (table 7). Elapsed time 
was reduced 3] percent. All this reduction results from the saving of time at the warehouse. 


Conclusions and Recommendations 


One of the reasons the new method fails to reduce the handling costs incurred in belt 
conveyor-hand truck plants by use of present methods is that the unit loads built on the 
road truck in the orchard are not maintained intact throughout the receiving cycle. Addi- 
tional costs, principally for equipment, are incurred by use of the innovation solely for 
the purpose of transferring the unit load from the road truck to the receiving platform. 
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Table 6.—-Comparative labor and equipment costs for unloading 1,000 unpacked boxes of apples from road 
trucks, moving into storage, and high-piling in 12-box high stacks, by use of belt conveyors 
and clamp-type 2-wheel hand trucks when fruit is palletized and unpalletized on 
road trucks by use of 2 specified methods 


: : Labor and equipment = Labor and equipment costs 
‘Elapsed’ aes : : Total cost 


Method :Workers: 7 : : : 
“ time ~ Total 
: : . : a rari : Toil eee Labor :Current:Assumed 


: A 2 wages : wages 
: Number: Hours :Machine-hours Ere icuee: Dollars Dollars Dollars Dollars 


Present: 
Unload road truck directly 
to belt conveyor 1 box at : 
atime ....-. om a 16 


1.50: 1/ 6.00 11.97 1.698 913.77, “25.15 18.14 


oe 08 DD 00 00 ce ve 


Innovation: 7 
Roll 36-box unit load off : 
road truck bed to platform: 
by use of fixed roller 
conveyors and transfer 
boxes to belt conveyor 
laters <.% s 3 2% % 4 


20 ee co 
° 
° 


° 
9 00 00 00 ee 


4/1.59 13.55 15.14 18.10 


Kw 
° 


00 08 26 06 ce 


:2/ .27:  3/ 5.91 11.79 


1/ Clamp-type 2-wheel hand trucks 3 machine-hours, 100-foot belt conveyor 1.5 machine-hours, 
15-foot gravity-type roller conveyor 1.5 machine-hours, total 6 machine-hours. 

2/ Truck unloading only. 

3/ Clamp-type 2-wheel hand trucks 3 machine-hours, 100-foot belt conveyor 1.5 machine-hours, 
45 feet of gravity-type roller conveyor 1.41, total 5.91 machine-hours. 

4/ Includes cost of 16 40- by 36- by 5/8-inch plywood pallets at $0.135 per warehouse handling 
(based on an initial equipment cost of $53.00 for 16 pallets or 1 truckload and 1 exchange), 5-year 
depreciation, interest, and investment 5 percent, 2 percent allowance for insurance and taxes, and 
96 handlings per year. In the test conducted, hydraulic jacks were used to stabilize the truck bed and 
their cost was insignificant. However, any plant operator wishing to adopt this method should not 
overlook the cost of a permanently installed truck-bed stabilizer. 


Table 7.-~Comparative labor and equipment costs for loading road trucks in the orchard and receiving at 
the plant per 1,000 boxes of unpacked apples by use of 2 specified methods 


: 7 : Labor and equipment : 
J . y ma aieer P . Labor and equipment costs 
i * Elapsed? ———4 2 __= 
Method :Workers: : 3 : 2 : Total cost 
: : time oe 3 ee eee: Labor :Current:Assumed 
: : s wages : wages 


Number: Hours :Machine-hours anes Dollars Dollars Dollars Dollars 


00 00 of {oo 


Present: 
Portable roller conveyor in: 
the orchard, roller con- 
veyor extension and belt 
conveyor in the ware- 


00 co 6h op op 0 [oe op 


0o 00 00 pp oo of 


ee 22 90 08 00 00 00 00 06 of 06 oe oo 


NOUSe's 6. eS se we eae 10 23:50" -s 1/ 7.86 15.97 1.46 18.37 19.83 23.82 
Innovation: 7 : 3 

Fixed roller conveyors on : : : 

bed of road truck and re- : : : 

ceiving platform and : 3 H 

handling in unit loads of : : : 

36 boxes to belt con- 7 : : E 

VEYORs 2 ts4e se emeMaeles: 69h eo) ge 


2.41 : 121/ 8.05 16.08 : 1.86 18.48 20.34 24.33 


1/ See tables 3 and 6 for types of equipment used and machine-hours of use of each type. 
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On the platform the 36-box unit loads are broken down and each box is individually 

handled as it is placed on the belt conveyor on which the boxes are moved to the storage 
room. However, the innovation has possible advantages that are not shown by conparative 
costs or elapsed times. The use of roller conveyors on the receiving platform should per- 
mit the unloading of 1 or 2 road truckloads thus providing a temporary bank of supply 

which would tend to decrease the time the receiving crews spends awaiting the arrival 

of trucks. Added to this potential advantage is the elimination of wait time of road trucks 
and their drivers during the receiving season when, at some warehouses, several trucks may may 


stand by awaiting their turn to unload. 


The new method appears to have greatest possibilities for effecting handling cost 
reductions in apple packinghouses that receive most of their fruit directly at the packing 
line. In these plants the unit loads could be maintained intact from the orchard to the 
dumper at the beginning of the packing line. For this it obviously would be necessary to 
connect the edge of the receiving platform and the washer or dumper with three rows of 
gravity-type roller conveyors. 1]/ 


A possible disadvantage of the new method in plants that receive most of their fruit 
at storage points and that have relatively small receiving platforms is the possibility 
of congestion on the platform during peak receiving periods. When receiving crews have 
no standby time, the innovation actually would delay unloading operations and should not 
be used during extreme peak periods of receiving. 


FORKLIFT TRUCK-TRAILER TRAINS FOR TRANSPORTING 
APPLES FROM STORAGE TO THE PACKING LINE 


Apple packing and storage houses designed for the use of the industrial forklift 
truck and pallets usually are constructed with al] packing and storage rooms on one level. 
Single-story plants must be wider and deeper than multistory structures to obtain equiv- 
alent floor space so, within-plant transportation distances are greater than in multistory 
buildings. In a number of the newer Washington State plants, the distance from storage 
to the dumper, at the packing line, and from the segregating area to storage averages 
considerably in excess of 300 feet. These distances materially affect labor and equipment 
costs. 


Engineers suggested that efficiencies in within-plant transportation could be gained 
by substituting trailer trains for forklift trucks when transportation distances exceed 
300 feet. The use of trailer trains, towed by the forklift truck used to remove pallet 
loads from storage stacks and load the trailers, was tested in one plant for moving unpacked 
boxes of fruit from storage to the packing line to measure its efficiency and compare it 
with that of the forklift truck alone. 


The trailers were 36 inches wide and 72 inches long, holding two 48-box pallets. The 
trailers were equipped with snap-latch type couplings and had 2 swivel and 2 fixed solid 


1/ For a discussion of another method of using gravity-type roller conveyors for 
receiving fruit at the packing line, see page 146 of the report Apple Handling Methods and 
Equipment in Pacific Northwest Packing and Storage Houses, MRR 49. 


a 


rubber wheels. Because of limited space for turnarounds, the tests were planned so that 
the lift truck would tow 3 trailers at a time containing a total of six 48-box pallet 
loads of fruit. A 4,000-pound capacity electric forklift truck was used in the tests. 


In this plant, transportation distances from storage to the packing line were between 
200 and 400 feet. As the aisles in the storage rooms were not wide enough so that the 
trailer train could be turned around in the room, the forklift truck pulled the trailer 
train in through one doorway and out through another. Thus, there was a difference in 
transportation distances when the trailers were loaded and when they were empty, the 
shorter distance being when they were loaded. When fruit was being broken out of stacks 
at the end of one of the rows (away from the main aisle) in the storage room, it was nec- 
essary to transport the pallet loads a distance of from 50 feet to 75 feet with the lift 
truck as the trailer train could not be moved into the lateral aisles. 


After the trailer train had been positioned in the main aisle, the forklift truck 

traveled empty to the storage stack where it picked up unit loads from the third, second, 

or first tiers, traveled 50 feet to the trailer, and released the pallet load on the trailer 
bed (fig. 9). This cycle was repeated until the 3 trailers were loaded. After the trailer 
train was coupled to the forklift truck, it was pulled 300 feet to the packing room (fig. 10). 
In the dumper area the forklift truck lifted the loaded pallets from the trailers and | 
deposited them on the floor. The total distance traveled by the trailer train in ] cycle 
was 700 feet. However, the forklift truck transported each pallet load 50 feet in the storage | 
room and 25 feet at the dumper which means that it traveled 150 feet for each pallet load 
handled, or 900 feet for 6 pallets, bringing the total distance traveled to 1,600 feet. 


Figure 9.--Releasing a pallet load on a trailer. 


To transport single pallet loads, the forklift truck travels 375 feet each trip and 
makes 6 round trips from the cold-storage room to the dumper for every trip of the trailer 
train. The total travel distance by this method is 4,500 feet. 


Figure 10.--A forklift truck towing a loaded trailer 
train. 


As shown in table 8, 0.92 man-hour of labor is required to move 1,000 boxes of fruit 
from storage to the packing line by using the forklift truck and trailer train. The fork- 
lift truck requires 0.96 man-hour to do the same work without the use of the trailers 
(table 9). Thus, from a standpoint of labor saved, it appears that there would be little 
advantage in using trailers over transportatian distances no greater an those in the 
plant in which the study was made unless the number of trailers per train could be increased 
or some of the operations at the dumper eliminated. 


Table 8,--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to the 
packing line by pallets, fork-lift truck, and trailer train and roller 
conveyors, when trailers are unloaded at washer 


Operation : Workers : je re ake ‘ oi : seen 
: Number : Man-hours Man-hours Man—hours 
Pick up 48—box pallet loads from stacks alan : : 

high by fork-lift truck... ..... © senor ed s 0.09 0.0 0.09 
Transport 50 feet to trailer train .......e.: 21 : 223 <0 223) 
Release pallet load on trailer bed ..... Ae 1 3 sb -O rp la 
Transport empty trailers 400 feet by fork-lift 3 : 

trucks se ei ee ei. 20 ee) lens Br a creed oe : 206 FL) 06 
Transport loaded trailers 300 “feet by fork-lift : 7 

LUCK Me mnetra Seine Mon csnerss isi fe) Neu we cele: a) Gite a) Sl iis at kL : 08 8) 08 
Pick up 48-box pallet loads off trailer bed by : : 

fork=lit ty truck os. die: ss: « s. 3 6) es a ae gd ; 206 .0 206 
Transport 25 feet to washer area... . eee 3 x A E15 Ae) ok5 
Release pallet loads on roller conveyors at : 

WASH atc avi hte cy cm eee rcp ceiettes cs! (ol for te> oo umeucey sou 3 abl .0 ell 
Hooke Onrrcwie? aux clot eo eh copies eae we eh a: eh et cae Pe Od 7 O02 x6) 02 
HOOKMOLL Be, peice Meee nsi acy fou cristo. celle! sities Geer onl enon cee : 2OL 0 Ol 

Total man-hours) s6i<- sss 6) 6 a Sel we - : 292 0 292 


Elapsed time--hours 


=! SPA 2 


Table 9 ,—Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to 
the packing line by pallets, fork-lift truck, and roller conveyors 


. : : Productive : Wait : Total 
Cpere tion : tore : time 3 time - labor 
: Number : Man-hours Man-hours Man-hours 
Pick up 48-box pallet loads from stacks a tiers ;: : 
high by fork-lift truck... ee < : 0.09 0.9 0.09 
Transport 375 feet to washer area o oes syeee Gd : 1 : -76 -0 -76 
Release pallet loads on roller conveyors 4st : 3 
MASNET se oo elites se sen oon Gs Ve 05s 6? we cose sirens a $ oA -O ell 


Total man=hours' 2.2: iw) 6 on eae 6 es Se Se : -96 Aa) 96 


Elapsed time-—-hours 


A modification in the trailer train method could be made by using additional 
trailers so that loaded trailers could be left at the dumper, thus relieving the forklift 
truck operator from the necessity of having to remove the pallets from the trailer in the 
dumping area. Loaded trailers could be pushed into place by the worker doing the dumping 
in the same manner that pallet loads are handled on pallet dollies. As shown in table 10, 
this would result in a saving of labor. 


Table 10.--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage room 
to the packing line by pallets, fork-lift truck, and trailer train 
when loaded trailers are released at washer 


Productive : Weit 5 Total 


Operation a Wepre ga hee oe ees 
: Number : Man-hours Man-hours Man-hours 
Pick up 48-box pallet loads from stacks 3~tiers : : 
high by fork-lift truck .........22.. > 62 = 0.09 0.0 0.09 
Transport 50 feet to trailer train ....... : 1 : 223 70) 23 
Release pallet load on trailer bed .......: al : a 20 oll 
Transport empty trailers 400 feet. ....... . 1 , -06 0 206 
Transport loaded trailers 300 feet ....... : 1 ; 08 20 -08 
Release loaded trailers at washer (hook off) . . ; 1 ‘ -Ol 0 sOL 
Pick up empty trailers at washer (hook on)... 1 : -02 Ae) 292 
Total man-hours . ..... 2. 2-22 ee : - F 260 A) -60 


Elapsed time--hours ... 


Labor and equipment costs for moving 1,000 unpacked boxes of apples from storage to 
the packing line by a forklift truck handling 1 pallet load of fruit at a time are $5.66 
(table 11). If the forklift truck towed a 3-trailer train and unloaded the 6 pallets at 
the washer, the cost would be slightly less at $5.63 per 1,000 boxes. By using 3 trains 
of 3 trailers each, so that the forklift truck would not have to remove pallets from the 
trailers at the dumping area, the cost of moving 1,000 boxes to the packing line would be 
$3.74--a saving of about 34 percent. This saving results from a reduction in both | abor 
and machine costs. 
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Table 11.--Comparative labor and equipment costs for moving 1,000 unpacked boxes of apples from storage to 
the packing line by use of 3 specified methods 


Baber ane equipien’ Labor and equipment costs 


3 : re red a, 
Method : Workers : : 5 : Total cost 
: : eee 2 bo :Bquipment: Labor Scalia Assumed 


: : : 2 wages : wages 
: Number ;: Machine-hours ae Dollars “Dollars Dollars Dollars 
Fork-lLift truck industrial unit 


Te CEM ae ies, aaa 1/ 5.25 0.96 : 441 1.25 5.66 5.90 


° oo 00 pO 
= 


Fork-lift truck and 3 industrial 
trailers--2 pallets per trailer A 
(remove pallet in the washer 3 a 
Areca Ewe sism hel eens ca otter siker SS 1 : 2/ 6.09 292 


oo op 
KR 
° 
x 
Ww 
=) 
ise) 
(=) 
wr 
° 
oa 
WwW 
v 
e 
a 
oO 


Fork-lift truck and 9 industrial : . 

trailers--2 pallets per trailer 7 : 7 

(leave pallets on trailer in : : : 

washer area). ..... Sooke oh ees ke 1 : 3/ 1.80 -60 : 2.96 78 3.74 3.89 


. . 
2 = oy 


1/ 4,000-pound capacity electric fork-lift truck 0.96 machine hour, 20.8 pallets (48-box) 0.96 
machine-hour, 30 feet of gravity roller conveyor 3.33 machine-hours, total 5.25 machine-hours. 

2/ 4,000-pound capacity electric fork-lift truck 0.92 machine-hour, 20.8 pallets (48-box) 0.92 
machine-hour, 30 feet of gravity roller conveyor 3.33 machine-hours, 3 36~ by 72-inch industrial trailers, 
0.92 machine-hour, total 6.09 machine-hours. 

3/ 4,000-pound capacity electric fork-lift truck 20.8 pallets (48-box), and 9 36~- by 72-inch indus- 
trial trailers 0.60 machine-hour each, total 1.80 machine-hours. 


It is possible that some plants having ] ayouts which require the transportation of 
fruit for more than 350 feet could make efficient use of trailer trains towed by the lift 
trucks that are used to load and unload the trailers. The advantages, however, would be 
small unless arrangements were made for sufficient trailers so that the worker supplying 
the dumper could unload the trailers, thereby eliminating the unloading of trailers by 
the forklift trucks. Under some circumstances it might be possible that use of trailer 
trains would relieve a plant from the necessity of having to buy an additional forklift 
truck by releasing the trucks already owned to help with the receiving cycle of apple 
warehousing. 


TRACTOR-TRAILER TRAINS FOR TRANSPORTING APPLES 
BETWEEN STORAGE POINTS AND THE PACKING LINE 


The use of a tractor for towing trailer trainloads of fruit between storage and the 
packing line was studied in the same plant in which studies were made of the forklift 
truck for towing trailer trains. One industrial forklift truck normally is used in this 
plant to move 48-box pallet loads of unpacked fruit from storage to the dumpers at 2 pack- 
ing lines (fig. 11). A second forklift truck is used to move 40-box pallet loads of packed 
fruit from the segregation area to storage. In these jobs each truck travels 375 feet with 
1 pallet load and returns empty. Tests with tractor-trailer trains were made to determine 
the possibilities of reducing this travel time. 


The equipment used in the tractor-trailer-train tests were: (1) The two 4,000-pound 
capacity electric forklift trucks normally used for moving fruit to and from the pack*ng 
line; (2) one 2,500-pound drawbar-pull gasoline-powered tractor (mule) of the type shown 
in figure 12; and (3) three trailer trains, each of which consisted of three industrial-type, 


Figure 12.--Tractor pulling empty 
trailers back to storage. 


Figure 11.--Forklift truck releases 
individual unit load at the washer. 


36- by 72-inch trailers. Base transportation times for the trucks and tractor are shown 


in figure 13. 
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—— — 2,500 |b. draw-bar pull gasoline powered tractor loaded transport time 
T=0.000203 X D+ 0.0227 for distances from 50 ft. to 500 ft. 


— — — Electric fork lift truck loaded transport time 
T=0.000200 XD+0.0187 for distances from 50 ft. to 500 ft. 
2,500 |b. draw-bar pull gasoline powered tractor empty transport time & 


electric fork lift truck empty transport time 
T=0.000122 XD +0.0073 for distances from 50 ft. to 500 Ft. 


Figure 13.--Base transportation times for 4,000-pound electric forklift truck and 
9,500-pound drawbar-pull gasoline-powered tractor under specified conditions and 


for various distances. 


Pes oe 


In the method developed for testing the tractor-trailer train, one forklift truck 
was at the packing line The second was in the storage room. The tractor-trailer trains, 
operated by ] driver, were used to transport unpacked boxes of fruit from storage to the 
2 packing lines and, on the return trip, to transport packed boxes from the segregation 
area to storage. The pace was regulated by the combined rates of the 2 packing lines, 
600 boxes of unpacked fruit per hour. Their combined output was 420 boxes of packed fruit 
per hour. To equalize the workload, thus eliminating the necessity for an occasional 
trailer train to return empty to the storage room for unpacked fruit to keep the 2 packing 
lines supplied, each trailer train brought out six 48-box pallet loads (288 boxes) and 
returned with five 40-box pallet loads (200 boxes). 


In the storage room, 1] forklift truck loaded 48-box pallet loads of unpacked fruit 
on the outgoing trailers and unloaded 40-box pallet loads of packed fruit from the incoming 
trailers. Another lift truck unloaded the trailers in the dumping area and loaded the 
packed boxes (fig. 14). In so doing it was necessary for each forklift truck to travel 
empty for 100 feet and return. The tractor-trailer trains traveled approximately 300 feet 
loaded and 100 feet empty each way in making the round trip from the storage room to the 
packing lines (fig. 15). 


Figure 14.--Forklift truck unloading the trailers in 
the dumper area. 


Beginning at the dumpers, the forklift truck operator picks up 48-box pallet loads 
of unpacked fruit from the trailers, transports the pallet loads 25 feet, and releases 
them on roller conveyors. Both the forklift truck and tractor-trailer train then travel 
empty for 100 feet from the dumpers to the packed fruit segregation area. As packed fruit 
becomes available, the forklift truck loads the trailer train with five 40-box pallet loads. 
After loading, the train is pulled 300 feet by the tractor to the storage area. The forklift 
truck returns empty to the dumpers. In the packed- fruit storage area, the tractor picks up 
an empty trailer train and tows it to the unpacked-fruit storage area, It then hauls a 
trailer train of unpacked apples 300 feet to the dumpers. While the tractor is placing 
a trailer train, the forklift truck in the storage room unloads pallet loads of packed 


Figure 15.--Loaded tractor-trailer train in the dumper area. 


fruit from the trailers, transports the pallet loads 25 feet, and stacks them. This truck 
then travels empty for 100 feet and loads unpacked fruit on the trailers in the unpacked- 
fruit storage area. 


Table 12 shows this method used 5.01 man-hours of labor to bring 1,000 unpacked boxes 
of apples to the packing line and move 700 packed boxes of fruit back to storage. An impor- 
tant part of this time was wait time as the packing lines did not use fruit rapidly enough 
to keep these workers fully occupied. Wait time was 67 percent. The usual method in this 
plant for moving the fruit to and from the packing lines with forklift trucks requires 
1.72 man-hours of labor to move 1,000 boxes to the packing line and to move 700 packed 
boxes of fruit back to the storage room (table 13). No wait or idle time is charged against 
these operations as both ]ift-truck operators did other work. 


By the use of 2 forklift trucks fruit could be moved to and from the packing line 
at a cost of slightly less than $10 per 1,700 boxes compared with nearly $21 when tractors 
and trailers were used (table 14). The greater cost of using tractor-trailer trains is 
partly owing to increased ]abor costs and to increased equipment costs. The forklift truck 
method requires one fewer crew member than does the tractor-trailer method. 


Thus it may be concluded that tractor-trailer trains would not be as efficient as 
forklift trucks operating independently for moving fruit to and from the packing line unless 
the volume of work were sufficient to keep the tractor drivers, forklift truck operators, 
and their equipment fully occupied. Where a relatively large part of the work to be done 
does not involve transportation, the tractor-trailer train method tends to lose most of 
its value. The use of the tractor-trailer trains in this operation did not eliminate a 
lift truck. As a matter of fact, an additional lift truck was required as compared with 
the method in which a forklift truck was used to tow the trailers. 
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Table 12,—-Labor required for 3 workers to move 1,000 unpacked boxes of apples from storage to the packing line and 
700 packed boxes of apples from the segregation area to the storage room by use of forklift 
truoks, pallets, traotor-trailer trains, and roller conveyors V/ 


; : : Productive Wait $ Total 
Operation 5 
P t Workers , time Z time $ labor 
: Number : Man-hours Men-hours Man-hours 


First fork-lift truok pioks up )8-box pallet loads unpacked apples off 
trailers, transports 25 feet, releases at dumper on roller conveyors 


(1,000 boxes--6 pallet loads per train). ... .» wi comic Cetus ices se) 1 > Osh 0.0 0.34 
First fork-lift truck travels empty 100 feet from dumper <5 segregation : 

area and walts: s <<) <<. 6 6 «3 6 1 #6 6 eee ilelie! ds) fielae: ceyeictishalen ote. cs a : 202 85 87 
Tractor pulls empty trailer train 100 feet from dumper to ee : 

area and waits ... .» ccdsew ees asa oa ey Galena Fe Wee Need e en te! : 202 Tee 1.14 


First fork-lift truck pheka ‘ O=-box pallet loads packed sonics in 
segregation area, transports 25 feet, releases on trailers (700 boxes-- 


5 pallet loads per train)... Shite! patra alow el eett sreviersion yeas ay : °27 Ae) 27 
First fork-lift truck travels empty 100 feet from segregation area a : 
dumper end waits » ss 2 ss te we ewe wm wwe wee eee ee es © ier io 8 1 : 202 17 19 


Tractor pulls loaded trailer train 400 feet from segregation area oo 

packed fruit storage area, and releases train (hooks off) (1,000-box : 

b AS 1S)! esexecrsuenn eo cetese cn esymenue? 'o ° &. ah tet for ar ier Xela ie serie “onis) <8. 1 : 208 me) 08 
Tractor hooks on empty trailer ea pula 100 feet from packed fruit : 

storage area to unpacked fruit storage area, and releases train (hooks ec 

off) .. z : . i Siateaieic er reper Ne wisht io, cetucru@ certo isiciei em <i 1 : 02 201 203 
Seoond forks lift truck picks te is hes pallet loads of unpacked apples : 

from lst, 2d, end 3d tiers; transports 50 feet, and releases on trailers 


(1,000 poeeae -6 pallets per train) .... «.s-. : Serre eee | : oly re) oly 
Tractor hooks on loaded trailer train, pulls 300 foot eh aupeci ed fruit : ‘ 

storage area to dumper, and waits... . igi eitereries teineice! 6 sieereus 1 : 208 oy 2 
Second fork-lift truck travels empty 100 feet from unpacked fruit to H : 

packed fruit storage area. .. . oe we 6 we Sire ww ed it 02 20 02 


Second fork-lift truck picks up lebox pallet loads packed apples off 
trailers; transports 50 feet; releases in lst, 2d, and 3d tiers, and 


waits (700 boxes)... ie: ei el oh 2 a é sung 2 : 3h 285 1.19 

Second fork-lift truck ee aeele empty 100 feet tron: paoked fruit storeze H : 

area to unpacked fruit storage area. 1. 2. 2. ee see eee wee we ew i kes 02 20 02 
Total man-hours. «+e + ee ee eee ee ee ee ee ee ee ee FO : 1.67 3.34 5.01 


1 This method was used to handle fruit for 2 packing lines, and operations in the cycle were paced by the oom- 
bined rates of the 2 lines which were 600 unpacked boxes of apples per hour. The total output of packed fruit was 20 
boxes per hour. As this method has a potential handling rate of 1,220 boxes of unpacked fruit and 850 boxes of packed 
fruit per hour, considerable machine-regulated wait time resulted. a 


Table 13.—-Labor required for 2 workers to move 1,000 unpacked boxes of apples from storage to 
packing line and 700 packed boxes of apples from the segregation srea to the storage 
room by use of fork-lift trucks, pallets, and roller conveyors 


; G : Productive ; Wait : Total 
eperatzen : eee ; time : time :__labor 
: Number : Man-hours Man-hours Man—-hours 

Pick up 48-box pallet loads of unpacked apples : : 
in storage area, from lst, 2d, and 3d tiers : : 
by fork-lift truck, transport 375 feet, re- : 5 
lease unit load on roller conveyors at dumper : 

CUFOOOM boxes) a ei es es Ss oe, 5, ep ea) eso 8 al : 0.96 0.0 0.96 
Pick up 40-box pallet loads of packed apples : 4 
in segregation area by fork-lift truck, : : 
transport 375 feet, and release unit load : H 
into lst, 2d, and 3d tiers in storage 3 3 

(GOO boxeS)ae iss = Sh een eye oh oo e) srs, ee 1 : -76 -O 276 

Total man-hours ........-. +++. i? - : 1.72 .0 72 
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Table 1.--Comparative labor and equipment costs for moving 1,000 unpacked boxes of apples from storage 
to the packing line and for moving 700 packed boxes of apples from the segregation 
area to storage area by use of 2 specified methods 


: : Labor and equipment 
: ae Labor and equipment costs 


Total cost_ 


Method :Workers: 


Equipment : Total 
time ‘labor 


i Weges : wages 


: Number:Machine-hours Man—hours: Dollars Dollars Dollars Dollers 


Tractor-trailer, fork-lift trucks, : : : 
and pallets: 7 5 = 
Fork-lift trucks load and unload : : $ 


trailer, tractor pulls loads to H : : 
and from storage area. ...... : 3 : 211.69 5.01 : 14.28 6.51 20.79 22.05 
Fork-lift trucks and pallets: : 


Fork-lift trucks transport unit : 
loads 375 feet to and from storage : : : 
APCArs 6 Saha ee Se SN eS a OR ok. 2 96277 1.72 : 7.68 2.24 9.92 10.35 


1/ 4,000-pound capacity fork-lift truck 3.34 machine-hours, 2,500-pound draw—bar pull gasoline- 
powered tractor (mule) 1.67 machine-hours, 20.8 pallets (48-box) 1.67 machine-hours, 3-trailer (36- by 
72-inch) train 5.01 machine-hours, total 11.69 machine-hours. 

2/  4,000-pound capacity fork-lift truck 1.72 machine-hours, 20.8 pallets (48-box) 1.72 machine- 
hours, 30 feet gravity roller conveyor 3.33, total 6.77 machine-hours. 


These data indicate that the most efficient use of tractor-trailer trains for moving 
fruit to and from the packing line could be obtained only in plants that: (1) Operate 
three packing lines simultaneously; (2) have transportation distances from storage points 
to the packing line of 400 feet or more on fairly smooth surfaces; and (3) have industrial 
lift trucks which can be used in loading and unloading trailers. 


24-BOX INDUSTRIAL CLAMP-TYPE LIFT TRUCKS FOR 
HANDLING APPLES IN PLANTS USING BELT 
CONVEYORS AND HAND TRUCKS 


Most of the apple packing and storage plants in Washington State are mul tistory 
structures and are equipped with belt conveyors. These conveyors run from the main floor 
to upper and lower floors for use in moving fruit to and from the docks and packing lines 
to storage rooms on other floors. Remodeling such plants so that industrial lift trucks 
could move between floors, would be costly and impractical. However, in these plants 
some of the heaviest apple-handling operations are performed inside the storage room 
after the fruit arrives on belt conveyors. Boxes must be off-loaded, piled in 5- or 
6-high units, transported to storage position, and high-piled. When fruit 1s moved out 
of storage this operation is reversed, In a belt conveyor plant, approximately three- 
fourths of the workers enployed for materials handling work in the storage room. There 
is an urgent need for some type of equipment that can take over most of this work, re- 
placing the hand truck and manual methods, thus reducing the number of men in the crews. 


In an effort to find one or more types of powered lift equipment that could be 
operated efficiently in belt conveyor plants, performance and installation specifications 
of 5 walkie-type high-lift pallet transporters were studied. It was found that their 
weights with the batteries ranged from 1,500 to 2,700 pounds. They had an average speed 


required : 


:Equipment: Labor :Current:Assumed 


————————— 
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of 2% miles per hour. Most of these transporters were of the straddle-type which requires 
a special pallet. Because of relatively low ceiling heights and other space limitations 
in storage rooms it was felt that the use of pallets in the older storage houses woul d 
require considerable space needed for fruit storage; therefore, the use of pallets in 
such houses would not be economical. Moreover, these transporters have small wheels which, 
it was felt, would damage the floors. 


Although one equipment manufacturer indicated that it would be possible to instal] 
clamping arms which would avoid the necessity of using pallets on a walkie-type high-lift 
transporter, such equipment was not available during the 1951-52 season when field studies 
were under way. The machine that might have been converted was the counter-bal anced type 
and its weight was about 3,000 pounds. The wheels were large and would not damage floors. 
However, the handle on the transporter required additional turning space. 


Lightweight, riding-type lift trucks 
with clamping arms, rather than forks, of 
the type shown in figure 16, also were 
studied. These lift trucks range in weight 
from 2,200 pounds for a gasoline-powered 
type to 2,500 pounds (without the battery) 
for battery operated machines. They could 
be operated with pneumatic or solid rubber 
tires at speeds of from 5 to 6 miles per 
hour which is about twice the speed of the 
walkie-type machine. A comparison of spec- 
ified features of 2 walkie-type pallet 
transporters, one lightweight forklift 
truck, and a 24-box industrial clamp 
truck is shown in table 15. 


Figure 16.--24-box industrial clamp- type 
lift truck. A practical innovation for 
older cold-storage and packing plants. 


Table 15,--Comparative specifications of selected walkie-type high-lift transporters and industrial] 


trucks 

—g Straddle- Counterbalanced-? 5. yep? 2u-box 
Specification eae ca ; fork-lift : er 

:transporter: transporter: CK. truck 
Service weight. ...... . pounds... 2,050 2,860 2,480 2,500 
Travel speed loaded . .miles per hour... . 235 265 Zed 6.00 
Capacity. .... +... e+. pounds... 4,000 2,000 1,000 1,000 
Center line of loed.... . inches... 24 24 24 
Overall length. ....... inches... 77 1003 914 845 


Outside turn radius... .. inches... : 95 63 494 58 
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Of the lightweight mechanized equipment available during the 1951-52 season, it 
appeared that the industrial clamp-lift truck offered the greatest possibilities as a 
substitute for clamp-type 2-wheel hand trucks for use in combination with belt conveyors 
to receive into storage and to perform other handling operations confined to storage rooms. 


Figure 17 shows that for moving fruit the 24-box industrial clamp truck is more 
efficient than hand trucks even for distances under 100 feet. The industrial truck attains 
relatively greater efficiency for longer distances. As an example, over a distance of 
100 feet, 2.35 man-hours of labor are required to move (pick up, transport, and release) 
1,000 boxes of fruit by hand trucks compared with 0.72 man-hour by 24-box industrial cl amp 
truck. However, over a distance of 200 feet, 4.06 man-hours are required by hand trucks 
and 1.04 man-hours by the industrial truck. 
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HAND CLAMP TRUCK 
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Figure 17.--Labor required to move (pick up, transport, and release) 1,000 boxes of 
apples through various distances by clamp-type 2-wheel hand truck and 24-box 
industrial clamp-type lift truck. 


The method developed for receiving apples with the industrial cl amp-lift truck is 
as follows: As fruit arrives in the storage room on a belt conveyor it 1s stacked in 
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unit loads beside the belt conveyor and the industrial clamp truck moves the unit loads 
to storage. The industrial clamp truck can tier the fruit and manual high-piling is 
eliminated. The industrial clamp truck and belt conveyor also can be used to move fruit 
from storage to the packing line, to receive fruit from the packing line, and to assist 
in moving fruit to the car for loading out. 


In the tests with the 24-box industrial clamp truck in a belt conveyor plant the 
truck had to operate at times under somewhat crowded conditions. The results of studies 
made of this type of truck under open conditions were reported in Marketing Research 
Report No. 49, Apple Handling Methods and Equipment in Pacific Northwest Packing and 
Storage Houses. 


Unloading from Road Trucks and Moving Boxes 
of Apples to Storage 


When a cl amp-type industrial lift truck is used in combination with belt conveyors 
for receiving fruit at storage points, unloading from the road truck proceeds as it nor- 
mally does in a belt conveyor plant with a 5-man crew. Two workers on the road truck 
transfer boxes of apples, 1 box at a time, from the truck bed to a belt conveyor that 
moves the boxes into the cold-storage room. Inside the storage room 2 workers remove the 
boxes from the belt and stack them in unit loads of 24 boxes (4 stacks of 6 boxes each). 
The 24-box industrial clamp truck (fig. 18) then transports the fruit 50 feet to storage, 
and tiers the boxes into 2 unit loads of 12 boxes high. By this method 5.65 man-hours of 
labor were required to receive 1,000 boxes into storage, in an elapsed time of 1.13 hours 
(table 16). Of the total labor, 24 percent is wait time, most of which occurs in placing 
fruit on and removing it from the belt. 


Figure 18.--Belt conveyor and industrial clamp-type lift 
truck used during the receiving cycle of operations. 
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Table 16.-—Labor required for a 5-man crew to unload and move 1,000 unpacked boxes of apples from 
a road truck to storage by use of a belt cmveyor in combination with a clamp-type lift truck 


‘ S : Productive : Wait 7 Total 
Operbeen : Reriere : time : time fs labor 
: Number : Man-hours Man-hours Man-hours 

Setup and cleanups. «2. cscs wo se 6% se woe fe oe 5 : 0.16 0.24 0.40 
Place boxes on belt conveyor (conveyor moves : : 

boxes” 50 feet). Lee wee A ee eps 2S we 2 3 5k 56 2210 
Transfer boxes from belt conveyor into : 7 

double stacks--6 high .......-ee-e : 2 $ 1.57 53 2.10 
Pick up 24-box unit loads by inaustrial clamp-— : : 

type Taft trucks é>4 <6 e oes Soe Gwe Ste we %wE Z : «L7 Ae) 7, 

Transport unit load 5O feet... 6.6. ew 6 we we 08 al : 40 20 40 
Release unit loed in storage area, average lst : 2 

anid (2d: LISTS. Ser fe, S ser iw) Jel. foe «fet ae we i, a eS al : 41 0 41 

Place 3 boards between lst and 2d tiers. . ... «: 1 3 O07 AAS) OT, 

Total. man-hours: 064%; “er eg eh es ew ee we - 4.32 as 5.65 


Elapsed time—-hours . 


To do this work in approximately the same elapsed time per 1,000 boxes of fruit by 
use of belt conveyors, hand trucks, and manual high-piling, a 10-man crew would be neces- 
sary. Table 17 shows that labor requirements per 1,000 boxes are 10.15 man-hours. 


Table 17.--Labor required for a 10-man crew to unload and move 1,000 unpacked boxes of apples 
into storage by use of a belt’ conveyor and clamp~type 2-wheel hand truck and 
manually high-pile boxes 12 high as fruit is being received 


: : Productive: Wait : Total 
Operation ; Workers . time: time : labor 
: Number : Man-hours Man-hours Man-hours 

Setup and: cleanups -....- 6 s-s06 0 2-4 behe aw a D/O - 0.16 0.69 0.85 
Place boxes on belt conveyor (conveyor moves 3 : 

boxes: 50 feet). °c ee. eB ie ee Se a ee: 2h 8 2 & WSs 32 1.86 
Transfer boxes from belt conveyor to 6—high : : 

StaCKSs. 5 Ge aw we FB Ame ee BOS se we eS 2 ore - 157 229 1.86 
Pick up 6-high stacks id use of 2-wheel hand : 

CrUCKSi.s.%6: ein ease bcs Gs Sai, tee tee ei Cia ee vet oe AE 2 : 32 Ae) As 
Transport 6-high stacks 50 feet gu use of : : 

2-wheel hand trucks... ....-2-+ 25026 2) (S07 2/  .08 1.15 

Release 6-high stacks from 2-wheel hand trucks . : 2 : 39 6) 239 

High-piling boxes 12 high (500 boxes). ..... 3 Ae 283 89 Biscle 

Total man-hours . . 1. 6 ee ee ee ee ee Gh BB Zee 10.15 


Elapsed time--hours . 


1/ Two of the workers do the setup work at the road truck while 8 workers spend most of 
their time waiting. 
2/ Waiting caused by crew interference. 
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The cost comparison in table 18 shows that $3.22 per 1,000 boxes can be saved by 
substituting the industrial clamp truck for the hand truck and manual high-piling. All 
this saving is on labor, the machine costs being $1.78 per 1,000 boxes greater. The size 
of the receiving crew has been reduced from 10 to 5 men. 


Table 18.+-Comparative labor and equipment costs for unloading and moving 1,000 unpacked boxes of apples 
from a road truck into storage by 2 specified methods 


Labor and equipment Labor and equipment costs 


: ired : 
* Elapsed? require : 
Method :Workers: time * Equipment * Total ' : 7 Total cost 
: : 2 time 2. Teper hie er eas Labor ;:Current:Assumed 


: : MH : : 3; Wages : wages 
:Number : Hours :Machine-hours iano nouie. Dollars Dollars Dollars Dollars 
Belt conveyor and 2-wheel hand : : : 
trucks: S : : 
2 men place boxes on con- : 7 7 
veyor, 2 men transfer boxes : 
from conveyor, 2 men hand : 
truck 50 feet, 4 men high- : 


oe ee ve 


Piles amc re os. &. os 10 4:21.01 : V/ 4.04 10.15 : 0.93 1367 12.60- “15.14 
Belt conveyor and industrial ; : 3 
clamp-type lift truck: : : : 
2 men plece boxes on con- : : : 
veyor, 2 men transport 3 H 
boxes from conveyor, 1 in- : 3 : 
dustrial clamp truck trans- : : ; : 
ports 50 feet and tiers. . : 5 :1.13 : 2/ 4.52 5.65 : 2.71 6.67 9.38 10.79 
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1/ 15-foot gravity roller conveyor 1.01 machine-hours, 100-foot belt conveyor 1.01 machine-hours, 
and clamp-type 2-wheel hand truck 2.02 machine-hours, total 4.04 machine-hours. 

2/ 15-fcot gravity roller conveyor, 100-foot belt conveyor, 1,000-pound capacity electric industrial 
clamp-type lift truck, and 41.6 board feet of dunnmage 1.13 machine-hours each, total 4.52 machine-hours. 


High-Piling Unpacked Boxes of Apples 


Much of the fruit that goes into storage customarily is manually high-piled by 
piling 3, 4, or 6 boxes on the original 6-high piles as positioned. This is heavy and 
disagreeable work and workers avoid this form of employment if easier jobs are available. 
It also subjects the fruit to undesirably rough handling. Percentagewise manual high-piling 
accounts for a relatively large part of handling costs. In a belt-conveyor plant in which 
unpacked fruit is stacked 12-high, the work of stacking the upper 6 boxes accounts for 
38.5 percent of the total labor used in receiving. 


To improve efficiency in piling, earlier studies led to development of a mechanical 
high-piler as reported in Marketing Research Report No. 49, Apple Handling Methods and 
Equipment in Pacific Northwest Packing and Storage Houses. Tests with this high-piler 
showed that its use reduced the labor required for piling in 10-high stacks by 52 percent 
and in 12-high stacks by about 68 percent. 


One of the tests of the introduction of industrial clamp trucks covered the use of 
a 24-box truck for high-piling unpacked boxes of apples in 12-high stacks following 
transport by belt conveyor. 


In the tests, the lower 6-high stacks of boxes were positioned and released in 
storage position by use of clamp-type 2-wheel hand trucks. After rows 6 boxes high and 
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2 boxes deep were built, the hand truckers released, alongside these stacks, 6-high stacks 
of boxes in 24-box unit loads. The industrial clamp truck picked up the 24-box load, 
raised it to the second tier level, moved forward, and released the load on the original 
6-high stacks to form 12-box high stacks (2 tiers). 


The method used for high-piling the second tier was for the operator to bring the 
load up to position, stop the lift truck, lean forward and place dunnage strips to tie 
and stabilize the load, release the load on top of the stacks, and return for another load. 


On the basis of labor requirements for high-piling boxes in ]12-high stacks, the 24-box 
industrial clamp truck was over 6 times more efficient than manual labor, and required 
only one-third as much elapsed time (table 19). The 24-box industrial clamp truck also was 
more efficient for high-piling than was the mechanical high-piler--requiring 60 percent 
less labor and less than one-half the elapsed time when piling boxes 12 high. 


Table 19.~-Comparative labor and elapsed time required to high-pile 1,000 unpacked boxes 
of apples in 12-box high stacks and to high-pile 500 of each 1,000 boxes 
received by 3 specified methods 


:Elapsed time 


Labor required :required per 


method : Per 1,000 boxes: Per 1,000 boxes:1,000 boxes 
: high-piled : received 1/_ =: received 
2 Man-hours Man—hours : Hours 
Manually high-piling with a 2-man crew. ;: 5.66 2.83 Smee sy al 
Mechanically high-piling with a 2-stack : 
mechanical lift--l worker ....... 3 1.78 289 : 289 
Mechanically high-piling with a 24-box 
industrial clamp-type lift truck, : 
operator places divider boards-~ : ; 


I Workers oso4. 4 uo 6 4s & 6 oe eee 7 Re 42 : -42 


17 Labor required for high-piling 500 boxes. 

2/ Pick up 24-—box unit load from floor level surface in relatively crowded area 
0.16 man-hour; stack and release 24-box unit load in second tier only (crowded earea—~ 
numerous ducts and posts) 0.58 man-hour; place divider boards between lst and 2d tiers 
0.07 man-hour; fatigue allowance 0.04 man-hour; total 0.84 man—hour. 


Labor and equipment costs for high-piling 500 of each 1,000 boxes of fruit received 
in 12-box high stacks were $1.20 by industrial clamp-type truck (table 20). Savings of 
$2.05 per 1,000 boxes handled could be made when high-piling 12-high if the 24-box indus- 
trial clamp truck were substituted for manual methods. The saving would be $0.35 per 
1,000 boxes if the truck were substituted for the 2-stack mechanical high-piler. 


Breaking Out Unpacked Boxes of Apples from High Piles 


The operation of breaking boxes out of high piles is the reverse of high-piling. 
When fruit is moved out of storage in belt-conveyor plants high piles must be broken dow 
to the 6-high stacks, and the boxes removed from above this height must be built into 
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Table 20.--Comparative labor and equipment costs for high-piling 500 of each 1,000 unpacked 
- boxes of apples received in 12-box high stacks by 3 specified methods 


Method : Equipment : Labor : Total 
cost : cost 1/ : cost 
Dollars Dollars Dollars 


Manually high-piling with a 2-man crew.......-.2+-23 0.0 B25 3.25 


Ss cope ea i with a 2-stack mechanical lift—- 
WwOnKeree wee eine Peis, Mieke Be Fone geist oh ace) Re Es) a) dot fe 22/ .53 1.02 1.55 


Mechanically high-piling with a 24-box industrial clamp- 
type lift truck, operator places divider boards— : 
AWOR KOT Mite, votes k Rie, Can Thies Si pean ba ae oe aE :3/ 65 255 1.20 


1/ Computed on the basis of current wage rates. 

2/ Portable mechanical lift 0.89 machine-hour at $0.59 per hour. 

3/ 1,000~pound (24-box) capacity, electric industrial clamp-type lift truck 0.42 
machine-hour at $1.42 per hour, $0.60; and 41.6 board feet dunnege strips 0.42 machine-hour 
at $0.11 per hour, $0.05; total $0.65. 


6-high stacks. As the fruit is moved from the high pile, it 1s placed in temporary storage 
near a conveyor belt. Stackbreaking is more intermittent than high-piling, because the 
packing line sets the pace for the operation. 


In the manual method a 2-man crew breaks down high-piled stacks to 6 high. Under the 
mechanical lift method 1 worker using 1] machine breaks out boxes from the stacks by grasping 
and lifting the high-piled boxes which then can be pulled back with the high-piler and 
lowered to the floor. Breaking stacks by the high-piler is not as rough on the fruit and 
is not as fatiguing as is the manual method. 


In trials with the 24-box industrial clamp truck for breaking out high-piled boxes 
only, the operator maneuvered the truck in position, lifted the high-piled boxes of fruit, 
leaned forward and removed the dunnage strips, and maneuvered again to release the load. 


Use ot the 24-box industrial clamp truck for breaking boxes out of 12-box high piles 
requires less than one-fourth as much elapsed time as does manually breaking out 12-high 
stacks, and slightly more than one-half the time of the mechanical high-piler (table 21). 
The total labor required was 0.29 man-hour, compared with 2.42 man-hours required by the 
manual method. 


Table 22 shows that labor and equipment costs for breaking the stacks with the 
24-box industrial clamp truck or the mechanical 2-stack high-piler are only $0.82 per 
i,000 boxes moved to the packing line compared with $2.78 for the manual method. 


Breaking Out Unpacked Boxes of Apples from High Piles 
and Moving from Storage to the Packing Line 


In bel t-conveyor plants high-piled boxes usually are broken out manually and moved 
from the storage stacks to the belt conveyor by clamp-type 2-wheel hand trucks. Of the 
190-foot standard distance, boxes are moved from storage stacks to the dumper, 50 feet 
1s by hand trucks and 140 feet is by belt conveyors. Part of the 140-foot distance over 
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Table 21,--Comparative labor and elapsed time required to break out of high-piles 
1,000 unpacked boxes of apples in 12-box high stacks and to break out 
500 of 1,000 boxes moved to the packing line by 3 specified methods 


Labor required : Elapsed time 
: : required per 
Method : Per 1,000 : Per 1,000 : 1,000 boxes 
: boxes : boxes moved to : moved to the 
: broken out : the line 1 : line 
Man—hours Man-hours ; Hours 
Manually breaking down high-piled boxes : 
Wath @, 2=Mian CrewWiisos es Soke 4 SB a ae et 4.83 2.42 7 Dez: 
Mechanically breaking down high-piled : : 
boxes with a 2-stack mechanical lift. ..: 93 247 H 47 
Mechanicaily breaking down high-piled : 
boxes with a 24—box industrial clamp—type : : 
lift truck, operator returns divider : 3 


DOsTOSs < ix we. 8. oA Gla Cee. oe a ey TBS 229 : 229 


1/ Labor required for breaking out 500 high-piled boxes. 

2/ Pick up 24-box unit loads in 2d tier only of storage stacks (open area except 
for numerous ducts and posts) 0.32 man-hour; release unit in bank at floor-level surface 
(crowded area——-maneuvering necessary) 0.19 man-hour; remove divider boards 0.04 man-hour; 
fatigue allowance 0.03 man-hour; total 0.58 man—-hour. 


Table 22.--Comparative labor and equipment costs to break out of high-piles 1,000 unpacked 
boxes of apples in 12-box high stacks and to break out 500 of each 
1,000 boxes moved to the packing lines, by 3 specified methods 


Method : Equipment : Labor : Total 
: cost :_ cost 1/ : cost 
: Dollars Dollars Dollars 
Manually breaking down high-piled boxes with a 2-man 2 
CLOW s. 0 Swe ere ee © ene) ee Bw eet BAe S ew S41 eeu Cer Son 2s 0.0 2.78 2.78 
Mechanically breaking down high-—piled boxes with a : 
2-stack mechanical lift—1 worker ..........6. :2f .28 254 -82 
Mechanically breaking down high-piled boxes with a : 
24-box industrial clamp-type lift truck, operator : 
returns divider boards--l worker. .......-s..-s. :3/ 44 238 82 


1/ Computed on the basis of current wage rates. 

2/ Portable mechanical lift 0.47 machine-hour at $0.59 per hour, total $0.28. 

3/ 1,000-pound capacity (24-box capacity) electric industrial clamp-type lift truck 
0.29 machine-hour at $1.42 per hour, $0.41; 41.6 board feet dunnage strips 0.29 machine— 
hour at $0.11 per hour, $0.03; total $0.44. 


which boxes are conveyed is accounted for by lateral conveyors, in the storage rooms, 
which connect with the main conveyor line. 


Industrial lift trucks cannot be used, of course, for transporting boxes of apples 
between floors in multistory plants. Their use must be limited to operations, including 
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transportation, on the storage-room floor. As the transport on the storage-room floor is 
relatively short, the comparative efficiency of clamp-type 2-wheel hand trucks and 24-box 
industrial clamp trucks for transporting fruit over short distances is a major consideration 
in the use of lightweight industrial clamp trucks in belt-conveyor operations in mul tistory 


plants. 


In plants that are accustomed to using a 5-man crew for manually breaking out boxes 
of fruit from 12-box-high stacks and hand trucks for moving the fruit to the conveyor, 
7.27 man-hours of labor are required per 1,000 unpacked boxes of fruit moved from storage 
to the packing line (table 23). Use of a mechanical high piler for breaking out permits 
a reduction from 5 to 3 workers, and reduces |abor requirements per 1,000 boxes to 
5.32 man-hours (table 24). These methods provide a basis for comparing the results of 
tests with the 24-box clamp truck. 


Table 23.--Labor required for a 5-man crew to manually break out 500 boxes from 12-—box high 
stacks and to move 1,000 unpacked boxes of apples from storage to the packing line 
by use of clamp-type 2-wheel hand trucks and belt conveyor 


Operation S workers * Productive : Wait : Total 
: : time : time : labor 
: Number : Man-hours Man-hours Man-—hours 
Break out boxes from 12- omen see stacks by manual : é 

method 1/..... eee sh ete scaste rie ts 2 2 2.42 0.0 2.42 
Pick up 6-high stacks at gis aaa by use : : 

of hand trucks. ... eben ater ue? eka Ss 2 : 032 20 32 
Transport stacks 35 feet to temporary bank... : 2 ; 78 2/ .10 88 
Release stacks at bank . ..... 2... .eec.ee : 2 : 032 me) 032 
Pick up 6-high stacks from bank by use of hand ; : - 

CU CKGeen hectare) al, nse stcou cess Miso: ois Nene os ali : 232 od 332 
Transport stacks 15 feet to belt .......-. : 1 : 41 -0 oAl 
Release stacks at belt conveyor. ......4.6 : 1 : 26 0) 226 
Place boxes from single row stacks on belt ; ; 

CONVEYOR so suet io, ve) Cece, <6) “wi oh Si Jee Wes Sete Se ek 1 : 1.08 1.26 2's 

Total Fman=hoursis. si ee Ue ee ees ells : - ; 91 1.36 Wend 
1/ Labor required to break out 500 boxes. Ere 


2/ Wait time caused by crew interference. 


This truck, in combination with belt conveyors, can be used in two basically 
different ways. By one method the clamp truck operator moves the fruit to the belt con- 
veyor, dismounts, and places the boxes on the belt. By the second method the clamp truck 
moves up a bank of supply alongside the belt conveyor and moves on to other work while a 
second worker places the boxes on the belt. 


In each of these methods, the question arises as to whether greater efficiency would 
be attained by using the industrial truck for transporting fruit 50 feet to a 140-foot 
belt conveyor, which is comparable to present hand-truck operations, or whether the 
industrial truck should transport the fruit 90 feet to a 100-foot belt. In most plants 
the latter method would permit the removal of part or all of the lateral conveyor in the 
storage room. 
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Table 2).--Labor required for a 3-man crew to break out 500 boxes from 12-box high stacks and 
to move 1,000 unpacked boxes of apples from storage to the packing line by use of 
mechanical high piler, clamp-type 2-wheel hand trucks, and belt conveyors 


- : Productive : Wait : Total 
Operation $ Mower? : time : time :_ labor 
: Number : Man-hours Man-hours Man-hours 
Break out boxes from 12-box-high stacks by <1 : 
mechanical high piler1l/........-. ?: 2 22 0.47 0.0 0.47 
Pick up 6-high stacks at storage position by : : 
use of hand trucks . .. 5 6 «© ss © «@ @ % 3 2 : 332 -O a2 
Transport stacks 35 feet to temporary bank. =: 2 : -78 2/10 .88 
Release stacks at bank. ......s..e.ee«-e 3 2 : Be Ys PO) soe 
Pick up 6-high stacks from bank al use of : : 
hand truck . 1... 1. +. ee - ua cacee = hfe : Z. : 232 8) +32 
Transport stacks 15 feet to belt. ..... : al ; 041 Ae) 41 
Release stacks at belt conveyor ...... : a. : -26 Ae) -26 
Place boxes from jicande row stacks on belt 3 : 
conveyor .....s«-e-. ; 3 3% ; : ni : 1.08 1.26 25 
Total man-hours. ..........-. : - : 5.32 


1/ Labor required to break out 500 boxes. 
2/ Wait time caused by crew interference. 


One Worker and 24-Box Industrial Clamp Truck 


When the operator of an industrial clamp truck moves fruit to the belt conveyor and 
places boxes on the belt from 2-row stacks, the truck stands idle during the belt-loading 
(fig. 19). As the packing line can use fruit at a rate of only 300 boxes per hour, the 
truck is idle most of the time. 
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Figure 19.--Operator of an industrial clamp-type lift 
truck placing boxes on the belt conveyor. 
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When the industrial truck moves fruit 50 feet to the conveyor and the operator 
places boxes of apples on the belt, the truck stands idle 2.59 hours of the 3.33 hours 
required to handle 1,000 boxes (table 25). The truck operator also is idle 1.27 hours of 
this time because of the rate of the packing line. As shown in table 26, this idle time 
is only slightly reduced when fruit is moved 90 feet by the truck to a 100-foot belt con- 
veyor; however, the reduction in equipment costs because of a 40-foot shorter conveyor 
line should prove significant. 


Table 25,.--Labor required for 1 worker to break out 500 boxes from 12—box-high stacks and to 
move 1,000 unpacked boxes of apples from storage to the packing line by 24-hox industrial 
clamp truck and belt conveyor when truck moves fruit 50 feet and conveyor 140 feet 


7 : Productive : Weit : Total 
Epeha 108 : Wlerhes F time : time : labor 
: Number : Man-hours Man-hours Man-hours 
24-box industrial clamp truck: : 1 : 
Pick up 24-box unit load .......e..e. : : 0.23 0.0 0.23 
Transport 50 feet to belt conveyor... : F 40 ae) 40 
Release unit load beside conveyor. ... : 7 sO -O 207 
Remove boards between lst and 2d tiers . : 04 ae) 004 
Place boxes on belt conveyor fram 2-row : 
stacks (conveyor moves fruit 140 feet from : ; 
storage room to packing line) ...... 3: : 1.32 1.27 2. 


Total man-hours... . 


Table 26.--Labor required for 1 worker to break out 500 boxes from 12-hox-high stacks and 
to move 1,000 unpacked boxes of apples from storage to the packing line by 24-box 
industrial clamp truck and belt conveyor when truck moves fruit 
90 feet and conveyor 100 feet 


: Productive ; Wait : Total 


Operation Workers , 


7 time : time : labor 
: Number : Man-hours Man-hours Man-hours 
24-box industrial clamp truck: : 1 : 
Pick up 24—box unit load ........ 3 $ 0.23 0.0 0.23 
Transport 90 feet to belt conveyor... : : 05k 20 354 
Release unit load beside conveyor. ... ? 3 O07 -O 07 
Remove boards between lst and 2d tiers . : : 204 20 04 
Place boxes on belt conveyor from 2-row : : 
stacks (conveyor moves fruit 100 feet from : : 
storage room to packing line. ...... ¢: 1 : 132 1.13 2.45 
Total man-hours .........++s.-. 3} : 2.20 1.1 


Two Workers and 24-Box Industrial Cl amp Truck 


The 24-box industrial clamp truck can be used to move boxes of apples to a bank of 
supply at the belt conveyor and then as its operator uses it for other work a second 
worker places the boxes on the belt conveyor supplying the packing line (fig. 20). 


As the elapsed time is set by the packing 
line rate, there is no reduction in this 
time by employing 2 workers. The use of 
2 men increases the total labor required 
as the worker placing fruit on the con- 
veyor 1s paced by the packing line. Labor 
requirements were 4.07 man-hours per 
1,000 boxes when the industrial truck 
moved the fruit 50 feet to a 140- foot 
belt conveyor (table 27). These require- 
ments were increased to 4.21 man-hours 
when the truck moved fruit 90 feet to a 
100- foot conveyor (table 28). But, the 
industrial clamp truck is not standing 
by idle during the wait period and a 
40- foot shorter conveyor is used. Figure 20.--One worker operating an 
industrial clamp-type lift truck moves 
fruit to the conveyor and another 
worker places boxes on the conveyor. 


Table 27.—-lLabor required for 2 workers to break out 500 boxes from 12—box-high stacks and 
move 1,000 unpacked boxes of apples from storage to the packing line by 24-box 
industrial clamp-type lift truck and belt conveyor when fruit is 
moved 50 feet by truck and 140 feet by conveyor 


: : Productive ; Wait : Total 
Operation 7 Workers : time : time : labor 
: Number ; Man-hours Man-hours Man—hours 
Pick up 24-box unit load by 24-box indus- F : 
trial clamp-type lift truck ....... : 1 3 0.23 0.0 0.23 
Transport 50 feet to belt conveyor .... :; 1 : °40 -O 40 
Release unit load beside belt conveyor .. : 1 : 207 0 O07 
Remove boards between lst and 2d tiers .. : 1 H 004 Ae) 004, 
Place boxes on belt conveyor from 2— row 7 : 
stacks (conveyor moves fruit 140 feet from : : 
storage room to packing line. ...... 3: 1 : 1.32 2.01 3.33 


Total man-hours ... .. . . »« « e « 


Comparison of Methods 


Comparative labor and equipment costs for breaking out of high piles and moving 
1,000 boxes of apples to the packing line by the 6 methods previously discussed are 
given in table 29. When high-piled boxes of apples are broken out manually and moved 
to the packing line by hand truck to the belt conveyor, labor and equipment costs are 
$12.40 per 1,000 boxes. When stack-breaking is done by the mechanical high-piler, the 
total cost is $10.70 per 1,000 boxes, or $1.70 under the manual method. When 1 worker 
and a 24-box industrial clamp truck are used to move fruit 50 feet only to a 140- foot 
belt conveyor, costs per 1,000 boxes are increased to $12.92 largely because of the 
idle truck time. But, when the truck transports the fruit 90 feet, costs are $11.82 
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Table 28.--Iabor required for 2 workers to break out 500 boxes from 12~box—high stacks and 
move 1,000 unpacked ‘boxes of apples from storage to the packing line by 24-box 
industrial clamp—type lift truck and belt conveyor when fruit is moved 
90 feet by truck and 100 feet by conveyor 


4 7 : Productive : Wait 7 Total 
eh aoe : pees 2 time : time 7 labor 
: Number : Man-hours Man-hours  Man-—hours 
Pick up 24-box unit load by 24-box indus- : : 


trial clamp-type lift truck ....... : 1 3 0.23 0.0 0.23 
Transport 90 feet to belt conveyor... . 1 05k -O 254 
Release unit load beside belt conveyor . . ; a -07 -O 07 
Remove boards between lst and 2d tiers. . 1 ey 0 004 
Place boxes on belt conveyor from 2~-row 

stacks (conveyor moves fruit 100 feet from : : 


storage room to packing line) ...... 


=) 
ny land 
e oO 
NO 
o iS) 
ie) LO) 
jo) 
e |e 
a ° 
pa] 


Total man-hours 
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Table 29.--Comparative labor and equipment oosts for breaking out 500 boxes from 12-box-high stacks and moving 1,000 unpacked boxes of apples 
from storage to the packing line by 6 specified methods 


Labor and equipment : Lebor and equipment costs 


required a 
. 3 A s. Total ocosts 
Tot Fo eee 0 08e 8 
Sus inal z saa :Equipment : Labor ; Current : Assumed 
E ; t 2 : + wages : wages 
:Number : Machine-hours Man-hours : Dollars Dollers Dollers Dollars 


Method :Workers: 


140-foot belt oonveyor and clamp-type 2-wheel hand trucks: 
2 men break down high-piled boxes, 2 men hand-truck 35 feet to § 2 3 
temporary bank, 1 man hand-trucks 15 feet from bank to belt : : 5 
end pleces boxes on the conveyor. »- + +++ eee eeeee * 5 * If 10060 %e2T + heok 8.36 12.0 14.21 


140-foot belt conveyor, olamp-type 2-wheel hand truoks, and : : ‘ 
mechanical high piler: 5 : 
@ men break down stacks from 12 high with mechanical high-piler : 


5 
and hand-truck 35 feet to a temporary storage, 1 man hand- t ’ 
truoks 15 feet from bank to belt oonveyor and places boxes on : 1 t 
Q OORVEYOrs 2a ve se ee 8s Seen teie el ES cal Shar Giek Zales - t+ 3 + 2 9.65 5.32 s 58 6.12 10.70 12.03 
t i. t 
140-foot belt conveyor and 2\-box industrial olamp truok: : t : 
Industrial lift truck picks up from let and 2d tiers, transports: : 1 
50 feet to conveyor, lift-truck operator places boxes on 3 s 2 
DOUG eres en eta ewsena ser orcuss, eoeen eh Sica oiiarpuie seeeee ¢ 1 & Bf 6.66 3033 + 8.59 4.33 12.92 13.75 
+ : 1 
100-foot belt conveyor and 2-box industrial olamp truck: t t z 
Industrial lift truck picks up from lst and ed tier transports : t 4 
90 feet to belt then lift-truok operator places boxes on the 3 t : 
Belt conveyor s «ses eee wes ilatren ve we hale rar er eee ee a u/ 6.66 3.33 : 7.9 33 11.82 12.65 


140-foot belt oonveyor and 24-box industrial clamp truok: 
Industrial lift truok picks up from lat and 2d tiers, earanecee, 


50 feet to conveyor, releases at oonveyor end moves on to other: : F 
work. 1 worker places boxes on conveyor. ....+-eeeeee + 2 ¢ 5/ .07 4.07 : 4.gl 4.79 9.70 10.72 


100-foot belt conveyor and 24-box industrial olamp truck: ' 3 2 
Industrial lift truck pioks up from lst and od tiers, transports: 3 t 
90 feet to belt and moves on to other work. 1 worker places t s 3 
boxes’ on belt oonveyor. «2 sas ss ee ee ee ee Slaten: BOE: OES 6/ 4.21 4.21 + 4.01 4.97 8.98 10.0), 


1/ Clemp-type 2-wheel hand truok 7.27 machine-hours, 1h0-foot belt conveyor 3.33 machine-hours; total 10.60 machine-hours. 

2/ Clamp-type 2-wheel hand truck 5.32 machine-hcurs, mechanioal high piler 1.00 machine-hour, 1)0-foot belt conveyor 3.33 machine-hourss 
total 9.65 maohine-hours. 

3/ 2-box industrial olamp-type lift truck 3.33 machine-hours, 10-foot belt conveyor 3.33 machine-hours; total 6.66 machine-hours. 

U/ Qh-box industriel clamp-type lift truok 3.33 machine-hours, 100-foot belt conveyor 3.33 machine-hours; total 6.66 machine-hours. 

7, 2h-box industrial olamp-type lift truok 0.7); machine-hour, 1)0-foot belt conveyor 3.33 machine-hours; total |,.07 machine-hours. 

6/ eh-box industrial olamp-type lift truck 0.88 machine-hour, 100-foot belt conveyor 4.33 machine-hours; total 4.21 machine-hours. 
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per 1,000 boxes. Greatest efficiency is attained when 2 workers are employed and the 
industrial truck transports fruit 90 feet to a 100-foot conveyor. Costs incurred by this 
method are $8.98 per 1,000 boxes. 


Moving Boxes of Apples from Packing Line to Storage 


The 24-box industrial clamp-type lift trucks can be used in combination with belt 
conveyors for moving packed boxes of apples back to storage by having the lift truck pick 
up unit loads in the segregation area on the storage room floor and move them into storage. 
The transportation distance from the segregation area to storage was 60 feet. Boxes were 
moved 100 feet on the belt conveyor from the end of the packing line to the segregation 
area. Because packed boxes are handled on their sides, 20 boxes, or four 5-box-high stacks, 
make up a unit load. 


When a 24-box capacity industrial clamp truck and 2-man crew, comprised of ] segregator 
and ] truck operator, are used in a belt conveyor plant, 1,000 packed boxes of apples can 
be moved from the packing line to storage with 5.92 man-hours of labor (table 30). Most of 
this labor is the time of ] man in segregating boxes from the belt conveyor. More than 
one-third of his time is spent waiting. The industrial clamp truck and its operator were 
engaged in this work only 20 percent of the total time. 


Table 30.--Labor required for a 2-man crew to move 1,000 packed boxes of apples from the 
packing line to storage and stack boxes 10 high by belt conveyor and 24—box 
industrial clamp—type lift truck 


: : Productive : Wait : Total 
ea : Rorkers A time : time : labor 
: Number ;: Man-hours Man—hours Man-hours 
Segregate boxes from belt conveyor into : z 
20—box unit Loads) s.3-4w's« «© 6. 6 «amet al: : Zol2 2.04 4.76 


Pickup 20-box unit loads in the segregation : 
area with industrial clamp-type lift 


CYUCK Fe ~ ve e e es ” Ngo econo vet sero Us 1 : 14 0) 14 
Transport wnit loads 460 feet from belt 7 : 

conveyor to storage .....+.+-+«-+e«¢-. 3 1 F +53 20 353 
Release unit load, average lst and 2d : 2 


TPOTS cre iontes. Gn, “er Wi cor War. eke ees eek ele, Oe 1 3 5 Ae) a 


Total man-hours .. 


Belt conveyor plants that move packed boxes by hand trucks from the segregation 
area to the storage area, and high-pile them by manual labor, normally employ a 3-man 
crew--]1 segregator and 2 hand truckers. This method requires 14.28 man-hours of | abor 


per 1,000 boxes (table 31). 


Totat labor and equipment costs per 1,000 boxes for each of the 2 methods are shown 
in table 32. Use of the industrial clamp truck saves $8.01 per 1,000 boxes handled. This 
saving is due largely to the reduction in labor costs. But, this saving can be made only 
under circumstances in which the industrial clamp truck can intermittently do other work 
rather than remain idle when waiting for fruit to accumulate as it comes from the 


i) 
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Table 31,.--Labor required for a 3-man crew to move 1,000 packed boxes of apples from the 
packing line to storage and stack boxes 10 high by use of clamp-type 2-wheel 
hand trucks, belt conveyor, and gravity roller conveyor 


: : Productive : Wait 7 Total 
Operatson 2 Monkers A time : time ; _ labor 
: Number : Man-hours Man-hours Man-hours 
Segregate boxes at roller conveyor and build: : 
G=high istacks: 2. Go sce « o/s: si <o wen 3 8 al : 2.63 2.13 4.76 
Pickup 6-high stacks of boxes in segregation: : 
area by use of 2-wheel hand truck... . -: 2 : 025 5.51 5.76 
Transport 60 feet by use of 2-wheel hand : : 
RYNUGKe ire inset renga s oS) fee, an pce, ae. e) ) ay Wd 2 3 1.25 1 ~<07 Lig 
Release stacks in storage by use of 2-wheel : : 
Handtruck ssc kc. chcei: “s: dey oP el wel Wen sien ee. oi ows 2 : 239 Ao) 39 
Manually high-pile boxes in 10-high stacks .: 2 3 2.05 -O 2.05 


co Be 


Total: man=hours ...2 6s 6 4. 6 1 s « 


1/ Wait time caused by crew interference. 


Table 32.--Comparative labor and equipment costs for moving 1,000 packed boxes of apples from the packing 
line to storage and stack boxes 10 high by 2 specified methods 


= labar ene edul pment Labor and equipment costs 


: : required : 
Method :Workers: : Total cost 

: * Equipment { Total Sy Ree Gal EST 

: : came 2 ebor :Bquipment Labor :Current:Assumed 
: : : : wages : wages 
:Number :Machine-hours Meanie: Dollars Dollars Dollars Dollars 


Belt conveyor and 2-wheel hand trucks: : 
1 man segregates, 2 men hand-truck H 3 


60 feet to storage and high pile 


boxes WO highs <0. 6 6.68) 6s es: 88 3 : 1/ 19.04 14.28: 3. 4.37 16.42 20.79 24.36 
Belt conveyor and industrial clamp-— : : 7 
type lift truck: : : : 


1 man segregates, 1 clamp-type lift : H : 
truck transports 60 feet and stacks : : 
boxes 10 high. .... ar el en elven Ge det 2 


ee 08 of 


2/ 10.68 5.92 5.80 6.98 12.78 14.26 


1/ Clamp-type 2-wheel hand truck 9.52 machine-hours; 100~foot belt conveyor 4.76 machine-hours; 
15-foot gravity-type roller conveyor 4.76 machine-hours; total 19.04 machine-hours. 

2/ 24-box industrial clamp-type lift truck 1.16 machine-hours; 100-foot belt conveyor 4.76 machine- 
hours; 15-foot gravity-type roller conveyor 4.76 machine-hours; total 10.68 machine-hours. 


packing line. In some plants, where the layout is such that the industrial clamp truck 
cannot do other work in the room in which packed boxes are stored, this method would not 
be economical. 


Conclusions and Recommendations 


The 24-box industrial clamp-type lift truck is relatively lightweight in comparison 
with other types of mechanized equipment. This fact should permit its use on the floors 
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of some plants that were originally constructed for hand-truck and belt-conveyor 
operations. In these plants the ceiling heights usually are from 10 to 13 feet and 
boxes of apples that are moved into these rooms are high-piled. 


The 24-box lift truck should prove to be satisfactory in most multistory, bel t- 
conveyor plants. Compared with the other types of mechanized equipment available, this 
truck weighs approximately the same as the straddle-type walkie, counterbalanced walkie, 
or space-saver forklift truck. Maneuverability, travel speed, and lifting ability al] 
favor the 24-box clamp-type lift truck. Some straddle-type, walkie forklift truck pallet 
transporters weigh considerably less and can handle the 24-box load, but these require 
pallets, additional room to turn the equipment, and the small wheels on the straddle 
arms tend to increase building maintenance. Therefore, at warehouses having structural 
strength to mechanize, the 24-box clamp-type lift truck is recommended. In the other 
warehouses where the construction of the floor will not warrant the use of the lift 
truck, the mechanical high-piler is recommended for saving on the costs of high-piling 
and breaking-down and also in reducing physical effort in warehouse work. 


The 24-box clamp-type lift truck can efficiently pile boxes 10 or 12 high at 
considerably lower costs than by high-piling either manually or by use of the 2-stack 
mechanical high-piler. In addition to high-piling, its ability to transport unit loads 
1s another advantage, particularly where the distances are long, as when fruit is moved 
from storage to the packing line. Also in this cycle of operations boxes of fruit mst 
be broken out of high-piled stacks. The 24-box clamp-type lift truck proved to be a very 
economical means of breaking out stacks of boxes although the 2-stack high-piler compares 
favorably in this operation. However, the 24-box clamp-type lift truck would not effect 
savings in moving fruit from storage to the packing line if the work performed by the 
truck were paced by the packing line because machine costs are excessive. 


The industrial clamp truck used in combination with belt conveyors would add 
considerably to the efficiency of receiving and other fruit-handling operations. The 
man-hours required to do the work as well as the costs would be reduced. As much as’ 
$8.01 per 1,000 boxes could be saved in moving fruit back to storage and the fruit would 
be handled more gently as well. However, to achieve high efficiency with industrial 
clamp trucks in moving fruit from the packing line to storage requires that the trucks 
be intermittently used for other work such as bringing loose fruit from storage to packing 
line. If the plant layout will not permit the performance of other work at the same time, 
much of the efficiency of the industria! clamp truck is lost, but there still would be an 
added advantage in the more gentle handling given the fruit. 


12-BOX INDUSTRIAL CLAMP-TYPE TRUCK FOR MOVING APPLES 
FROM STORAGE TO THE PACKING LINE AND FOR 
LOADING REFRIGERATOR CARS 


One of the newer types of material s-handling equipment tested in the search for 
more efficient apple-handling methods was the 12-box industrial clamp-type truck. This 
truck is powered by a gasoline engine. Its greatest advantage is for transporting mate- 
rials over relatively long distances within the warehouse. Studies indicated that the 
12-box industrial clamp truck could be used very satisfactorily in the receiving cycle 
of operations (fig. 21). This truck can move onto a road truck without a stabilizing 
unit, pick up the unit load, and move the boxes to storage places down aisles approximately 


Figure 24.--Picking up boxes of apples from a road truck 
bed with a 12-box industrial clamp-type truck. 


the same width as those used for the clamp-type 2-wheel hand truck. The 12-box truck 
cannot maneuver backwards as well as other industrial equipment because of its front- 
wheel steering arrangement, but on the whole the truck can operate satisfactorily within 
a cold-storage room. A major disadvantage of this equipment is the truck’s inability to 
high-pile or tier boxes of fruit. However, when unloading into temporary storage or into 
rooms where the fruit cannot be tiered over 8-high, this equipment may prove satisfactory 
as a replacement for a hand-truck crew. 


Tne results of tests with the 12-box industrial clamp truck for: (1) Moving apples 
from storage to the packing line; and (2) solid loading refrigerator cars, are presented 
in the sections that follow. 


Moving Apples from Storage to the Packing Line 


The 12-box industrial clamp truck has potentialities for effecting savings in the 
costs of moving unpacked boxes of apples from storage to the packing line in plants where 
clamp-type 2-wheel hand trucks currently are used for moving fruit relatively long distances. 
In plants where a transportation distance of 190 feet is required in this cycle of opera- 
tions, a 3-man crew generally is used. Two of these workers hand truck 6-high stacks of 
boxes 170 feet from the storage points to a bank of supply about 20 feet from the dumper. 
The third worker hand trucks the stacks of boxes the remaining 20 feet. His work is regulated 
by the rate of the packing line, or 3.33 hours per 1,000 boxes. Use of this method requires 
7.28 man-hours of labor per 1,000 boxes (table 33). 


One 12-box industrial clamp truck and operator can be substituted for the 2 hand 
truckers who move fruit 170 feet, with a substantial saving of labor (fig. 22). But, there 
would be no saving in the labor required for moving fruit from the bank of supply to the 
dumper. Total labor requirements would be 4.98 man-hours of labor per 1,000 boxes compared 
with 7.28 man-hours by the hand-truck method (table 34). 
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Table 33.--Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from 
storage to the packing line by use of clamp-type 2-wheel hand trucks 1/ 


: : Productive : Wait : Total 
oes ; Norkers . time 2 __ time :___labor 
: Number ;: Man-hours Man-hours  Man-hours 
Pick up 6-high stacks by use of hand : : 
iG TUGIE: eo ues rer Gate) wee Aer u sured fe). Ser ne? oes Gor dono: cen vere 2 : 0.32 0.0 0.32 
Transport stacks 170 feet to temporary : 7 
Darien sca sais o wee ck set ei ertere: sislaeumier eles ine e 2 : 3.31 -O 3.31 
Release stacks at temporary bank ..... .: 2 : aoe 0 232 
Pick up 6—-high stacks by use of hand truck =: : 
at temporary bank... .... +... 2 2 e 1 : ~32 0 232 
Transport stacks 20 feet to dumper .... .: 1 : 250 -O0 «50 
Release stacks at dumper ......... e: 1 : 226 2625 2.51 
Total man-hours... 6s 8 se ee - : 5.03 2.25 7228 


17 Labor requirements do not include breaking out boxes above 6~-high stacks in storage 
rooms. 


Figure 22.--Moving stacks of boxes from storage to the packing line 
with a 12-box industrial clamp-type truck. 


em ope 


Table 3l.--Labor required for a 2-man crew to move 1,000 unpacked boxes of apples from 
storage to the packing line by use of 12—box industrial clamp truck and 
clamp-type 2-wheel hand truck 1/ 


Productive : Wait : Total 
time : time : labor 
Number : Man-hours Man—hours Man-hours 


Operation Workers 


oe oe 
eo eo 


Pick up 12-box unit load by 12-box indus- 


2 90 of ee we 


triadliclamp “trucks... “67 3 ws ss ee Sn cet ot oe 1 : 0.22 0.0 0.22 
Transport stacks 170 feet to temporary : : 

Da Tiere mee Mec Me ce omlares wel toi ye ey sts? ey 67 o8 S 1 : 1.28 0 1.28 
Release stacks at temporary bank ..... : al H «15 Ae) oL5 
Pick up 6-high stacks by use of hand truck : : 

at temporary bank . .... 2. 6 ee © 2 6 2 1 : 232 -0 232 
Transport stacks 20 feet to dumper .... : 1 : 50 me) - 50 
Release stacks at dumper .......62. : nl : 226 2.25 2.51 


Total man-hours... 


1/ Labor requirements do not include breaking out boxes above 6—high stacks in storage 
rooms. 


Labor and equipment costs are $8.55 per 1,000 boxes for the hand truck method and 
$7.33 per 1,000 boxes for the industrial truck method (table 35). The latter method shows 
a saving of $1.22 per 1,000 boxes. 


Table 35.--Comparative labor and equipment costs for moving 1,000 unpacked boxes of apples from storage 
to the packing line by use of 2 specified methods 1/ 


Labor and equipment 


: waauired : Labor and equipment costs 


Method 5 7 : : : Total cost 
peri a : cg ee : Equipment: ee :Current : Assumed 
e : eer , 2/ : Wages : wages 


:Machine-hours Man-hours: Dollars Dollars Dollars Dollars 


2 workers hand-truck stacks 170 feet from 

storage to build up a day's supply in bank 

near the dumper, then move to another job, 

1 worker supplies dumper from the bank 20 3 : 

feet away by use of hand truck ....... : 7.28 7.28 > 0.18 8.37 85.55 10.37 


1 worker moves 12-box unit loads 170 feet 

from storage to supply in bank near dumper 

by 12-box industrial clamp truck, 1 worker : 
supplies dumper from bank 20 feet away by 7 


hand truck ...... 3/ 4.98 4.98 : 1.60 5.73 7633 8.57 


1/ Costs do not include breaking out boxes above 6-high stacks in storage rooms. 

2. Computed from current wage rates. 

3/  12-box industrial clamp truck 1.65 machine-hours, clamp-type 2-wheel hand truck 3.33 machine- 
hours, total 4.98 machine-hours. 
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Loading Refrigerator Cars 


Because of difficulties in using industrial forklift trucks in refrigerator cars, 
loading them at palletized packing plants presents a number of problems. In loading, the 
forklift truck customarily releases the 40-box pallet load on the platform at the car 
door and boxes of fruit are moved by belt conveyor into the car where they are stacked 
for transit. Although this method is fairly efficient, the fruit is handled roughly. A 
set pace or rhythm attained when stacking boxes in a car from a belt conveyor is likely 
to cause the loaders to drop the boxes into place. When loading refrigerator cars from 
pallet loads released on pallet dollies inside the car, the fruit is handled more gently, 
but the additional work of moving the pallet load to the stacking point increases the work 
of the carloading crew. In the development of improved methods, it therefore was felt that 
the present methods of loading refrigerator cars have disadvantages which possibly might 
be overcome by moving the fruit to the stacking point in the car with some type of light- 
weight, powered, industrial truck. 


This tentative conclusion was reached after observations of the method used by at 
least one plant which loads refrigerator cars by forklift truck, pallet, and clamp-type 
2-wheel hand trucks. .This plant found this method of loading satisfactory when the pallet 
load was placed close enough to the door of the car. However, the hand truck could not 
place the boxes in the car in permanent storage position for transit. Labor requirements 
by this method are shown in table 36. It was hoped that by substituting the 12-box clamp 
truck, boxes could be placed in permanent position in the car. 


Table 36,.--Labor required for a 4-man crew to move 1,000 packed boxes of apples out of 
storage and solid-load refrigerator cars by use of fork-lift trucks, pallets, 
clamp—-type 2-wheel hand trucks, and box jack 1/ 


: : Prod j : Wai : 
Operation . Workers | arte aaa Z iets : Se 
: Number : Men-hours Man-hours Man-hours 
Setup and cleanup... «4. 6 6 6 ae @ ale & * 8 3 ¢ O.21. 0.11 0.32 
Pick up 40-box —— load ae use of fork- :; : 

VAPG trucks is sab -. 4 1 : 212 Ae) a2 
Transport 60 feet to temporary bank. ... : 1 : 229 .0 229 
Release pallets in temporary bank. .... ; 1 H -05 -O -05 
Separate stacks of boxes on ciate for ; : 

insertion of clamps ..... ‘oe FS 2 : -10 0) 210 
Pick up 5—high stacks on pallets by clamp- : 7 

type 2-wheel hand truck ......... : 2 : 39 -O 39 
Transport 5-high stacks 65 feet into car. : 2 s bs62 2/ .06 1.68 
Release 5-high stack on car floor. .... : 2 : -86 150 1.36 
Position stecks in place by use of box jack : a: : Mae? +0 eL7 
Fill in doorwey solid with boxes ..... :__l : -60 0 60 


Total man-hours . <67 6.08 


1/ Labor requirements shown do not cover blocking-out and manifesting loads. 
2/ Weit time due to crew interference. 
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Trials with the 12-box clamp truck included removing the fruit from loaded pallets, 
transporting the 10-box unit loads into the refrigerator car, and releasing the boxes in 
front of the carloader. 2/ One of the first discoveries was that the 12-box clamp truck 
could not pick up boxes of fruit from the pallet because of the height of the pallet 
above the floor (approximately 6 inches). Attempts were made to use bridge plates to 
overcome the difference in levels. However, with the industrial truck on a slight angle 
its clamping arms could not properly engage the bottom of the stacks. It finally was 
found necessary to place the pallet in a recess in the floor so that the top of the pallet 
was level with the floor. The industrial truck then could remove the first 2 stacks of 
boxes from the pallet and could roll onto the pallet to remove subsequent stacks of boxes. 


In tests the average transportation distance from the area in which fruit was blocked 
cut for loading to the doorway of the refrigerator car was 65 feet. A long bridge plate 
having a rise of about 18 inches was used because the loading dock was 18 inches lower 
than the floor of the car. The 12-box industria] clamp truck moved to the storage bank, 
picked up two 5-high stacks of packed fruit, moved into the car, and released the unit 
load in front of the carloader. The release in the car began as the front end of the truck 
rolled into the car and ended as it came out of the car. Consequently, all the maneuvering 
inside the car was timed as part of the release operation. 


Labor requirements for stacking boxes into final position inside the car were no 
greater than those required by use of cl amp-type 2-wheel hand trucks. Although both trans- 
porting vehicles released the stacks in front of the carloader, the hand-truck operator 
could release a stack more directly in front of the carloader than could the industrial - 
truck operator, as the hand truck was more maneuverable than the powered 12-box industrial 
clamp truck. 


Labor requirements for the solid-loading of refrigerator cars by use of forklift 
truck, pallets, 12-box industrial clamp truck, and box jack were 4.84 man-hours per 
1,000 boxes (table 37). This is a reduction of 1.24 man-hours in the requirements by use 
of the hand-truck method. But, part of this saving can be attributed to a reduction in 
walt time, particularly in filling in the car doorway with boxes, rather than to efficien- 
cies brought about by the 12-box powered clamp truck. Moreover, in properly designed 
facilities the forklift truck would release pallet loads of packed boxes at the doorway 
of the car, thus materially reducing the 65-foot distance from the temporary bank to the 
stacking point in the car. For the shorter transportation distance the cl amp-type 2-wheel 
hand truck would be more efficient than the industrial forklift truck. 


At current wage rates, the use of the cl amp-type 2-wheel hand truck would cost 
$0.08 less per 1,000 boxes loaded (table 38). 


Conclusions and Recommendations 


The 12-box industrial clamp truck could not be used economically to unload pallets 
and move fruit to a roller conveyor largely because the transportation distance was so 
short that the operations could be performed equally as well, or more efficiently, with 
hand trucks. 


2/ The 12-box industrial clamp truck carries two 5-high stacks or 10 boxes of packed 


fruit. Twelve boxes of loose fruit are carried in two 6-high stacks. 
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Table 37.~-Iabor required for a 3-man crew to move 1,000 packed boxes of apples out of 
storage and to solid-load refrigerator cars by use of fork-lift truck, 
pallets, 12-hox industrial clamp truck, and box jack 1/ 


, : : Productive : Wait : Total 
operetre OER canines ete ne eee 
: Number ;: Man-hours Man-hours Man -hours 
Setup and cleanup... ......-e0086 1 3 «+ 023 0.11 0.32 
Pick up 40—box pallet load by use of fork- : : 

Mt: GEUCKs: Ja ye: er ca Gp ee ves el es are eee 7: : 2 Ae) o12 
Transport 60 feet to temporary bank. ... : BE : 229 me) 229 
Release pallets in temporary bank. .... : al : 205 aQ 05 
Pick up 10-box unit loéds on pallets by : E 

12-box industrial clamp truck ...... : 1 : Pye Ao) me) 725 
Transport unit loads 65 feet into car... ;: ul ; 84 Ae) 84 
Release unit loads in car. .......e..6 : a 5 264 m0) 64 
Position stacks in pléce by use of box : : 

RJaACK en con ee soto ies berrrsy we kan sou Vo cael eo) ces eee ees 1 : oleae) 56 173 
Fill in doorway solid with boxes ..... : 2/2 : 60 0 «60/22 

Total man-hours 6426 3 Woe er - : sdu7 .67 4.84 


1/ Labor requirements shown do not cover blocking-out and manifesting load. 
2/ Clemp-truck operator assists in filling doorway. Wait time on part of workers is 
eliminated but clamp truck waits 0.30 machine-hour. 


Table 38 .--Comparative labor and equipment costs for moving 1,000 packed boxes of apples out of storage 
and for solid-loading refrigerator cars by 2 specified methods 


Labor and equipment : 


: ‘ weRueeea ; Lebor and equipment costs 


Method : Workers: : : 5 :__ Total cost 
A 7 eae : Eaten :Equipment: Labor :Current:Assumed 
ane : BDON 2: : : Wages ; wages 


:Number :Machine-hours Man-hours: Dollers Dollars Dollars Dollars 


Fork-lift truck, pallets, clamp-type 


2-wheel hand truck, and box jack: 
Pick up off pallet, transport 


65 feet to cer and release inside 
CAT a calis, ee lans 


oo 0 oe 


o 
i~ 
o 


V/ 4.45 6.08 : 2.06 7.06 9.12 10.64 


Fork-lift truck, pallets, 12-box : 
industrial clamp-type truck, and : 7 
box jack: : 7 

Pick up off pallet, transport : : 
65 feet to car,and release inside : : 
CAT Vad SOS oe ee ears ee ey Ce Sr 2265 4-84 : 3.57 5.63 9.20 10.41 


1/ 4,000-pound capacity electric fork-lift truck 0.46 machine-hour, 20.8 pallets (40- by 48-inch) 
0.46 machine-hour, clamp-type 2-wheel hand truck 3.53 machine-hours; total 4.45 machine-hours. 

2/ 4,000-pound capacity electric fork-Jift truck 0.46 machine-hour, 20.8 pallets (40- by 48-inch) 
0.46 machine-hour, 12-box industrial clamp truck 1.73 machine-hours; total 2.65 machine-hours. 
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The 12-box industrial clamp truck appears to be of greatest value when transportation 
distances are relatively long. The light weight of the truck permits its operation over 
floors in cold-storage plants that cannot accommodate other types of industrial equipment. 
Because of its light weight it also can rol] on and off a truck bed without the use of a 
hydraulic stabilizer. One of the greatest disadvantages of this truck is its inability 
to high-pile. Another disadvantage is that it cannot be operated in reverse with the 
maneuverability of other industrial trucks. 


BROAD-BLADE INDUSTRIAL FORKLIFT TRUCK FOR 
HANDLING UNPALLETIZED UNIT LOADS 


One of the major cost items in handling unit loads on pallets is the cost of owning 
and maintaining the pallets. An innovation which appeared to offer promise for reducing 
pallet costs was the broad-blade forklift truck. On this truck the two narrow or conven- 
tional forks have been replaced by broad blades having chisel points (fig. 23). A truck 
equipped with forks of this type is used with dunnage strips rather than pallets. The 
theory behind these trials was that the broad blades could lift the boxes without a 
pallet, because the width of the forks would span the width of the apple boxes thereby 
stabilizing the 6-high stacks of boxes. 


Tests were conducted with a 2,000-pouna 
capacity, gasoline-powered industrial lift 
truck equipped with 2 broad, solid, semichisel - 
point forks. These forks were each 10 inches 
wide and 36% inches long. The forks provided 
space for handling 6 stacks of boxes which 
could be either 5-boxes-high making a unit of 
30 boxes, or 6-boxes high making a 36-box unit 
load. 


Tests covered: (1) Unloading apples from 
road trucks and moving them to storage; and 
(2) moving apples from storage to the packing 
line. In connection with tests of receiving 
operations, it was necessary that orchard 
handling methods be developed which would per- Figure 23.--Broad-blades, which are semi- 


mit the use of the broad-blade fork truck for chisel-point, of a forklift truck sup- 
unloading at the warehouse. porting a unit load of 36 boxes of 
apples. 


Orchard Loading and Plant Receiving Operations 


In connection with tests of the broad-blade forklift truck for unloading apples 
from road trucks and moving them to storage, a change in the method of using industrial 
forklift trucks at the warehouse necessitated a change in the method of loading road trucks 
in the orchard. Therefore, changes at both locations must be analyzed in measuring the 
efficiency of the broad-blade forklift truck. 
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Loading Apples on a Road Truck Equipped with Dunnage 
Strips by Stevedore-Type 2-Wheel Hand Truck 


To unload 36-box unit loads of apples from a road truck by the broad-blade forklift 
truck, 1t was necessary that the road truck be equipped with dunnage strips which would 
permit the insertion of the forks under each load preparatory to the pickup operation. 
The tests were made with an open-bed truck, on the bed of which pieces of 2- by 4-inch 
lumber were nailed across the flooring on 19%-inch centers (fig. 24). These dunnage 
strips made it necessary for the road truck to be loaded from the side rather than over 
its tailgate. It was found that the clamp-type 2-wheel hand truck could not be used to 
load the road truck because the clamping arms were too low to clear the tops of the 
dunnage strips when its wheels rolled on the truck bed between these strips. This problem 
was solved by replacing the clamping arms with a stevedore-type plate, which permitted 
the wheels on the hand truck to roll on the truck bed free from interference of the 
dunnage strips and allowed the workers to set the stacks of boxes close enough together 
to eliminate the necessity for hand jacking the stacks of boxes into place (fig. 25). The 
clamp-type 2-wheel hand truck must have from ] to 2 inches clearance on each side of a 
stack of boxes to permit the release of the clamping ams. 


Figure 24.--Dunnage strips on road truck Figure 25.--2-wheel hand truck with 
bed. stevedore plate, used in loading a 
road truck equipped with dunnage strips. 


The load was secured for transit by tying it with ropes and making it tight crosswise 
of the truck bed (fig. 26). This method of tying is the same as that used by some growers 
who hand truck onto pallets. It required no extra time above that required for palletized 
loads. 


When fruit is received at the warehouse by the regular narrow-blade forklift truck, 
boxes are loaded on pallets placed on the bed of the road truck. Six-high stacks of boxes 
are moved from the orchard platform to the road truck by clamp-type 2-wheel hand truck 
and released on the pallets. They are positioned on the pallet by a box jack. Use of this 
method requires 2.95 man-hours of labor per 1,000 boxes (table 39). 


Figure 26.--Tie cable with corner plates to secure load 
on a road truck bed. 


Table 39.--Iabor required for a 2-man crew to load 1,000 unpecked boxes of apples onto 
48—box pallets on road trucks by clamp—type 2-wheel hand trucks and box jack 1/ 


. : : Productive : Wait : Total 
Operation : Workers : time : time 7 labor 
: Number : Man-hours Man-hours Man—hours 
Load pallets on truck at warehouse by fork- ; : 

EEG CrUCKs: a) 6 eo es @ 6. sl 18) se ws we. 8 2 : 0.06 0.06 0.12 
Setup and cleanup. .... «+ « © «© «© © « ‘ 2 : 209 -O 209 
Spread pallets on bed of road truck. ... :; 2 : 210 -O -10 
Hand—truck boxes 30 feet from temporary 3 : 

storage on orchard platforms to bed of : : 

road truck ; 1 : 1.32 .O 1.32 
Hand jack stacks into position on pallets. : ai : sa5 25 1532 

Total man-hours .......-+-s-ee 3 = eS 2e32 Als) 2.9 
Elapsed time--hours . . Fae : : 1.48 


1/ Data from Washington State Apple Commission. 


The use of a stevedore-type 2-whee] hand truck for loading road trucks equipped with 
dunnage strips requires 2.08 man-hours of labor per 1,000 boxes and saves ().87 man-hour 
perc 1,000 boxes loaded (table 40). Elapsed time per 1,000 boxes of apples, however, was 
0.60 hour greater when the stevedore-type hand truck was used because only 1 worker was 
used to load the road truck. When the clamp-type 2-wheel hand truck was used in conjunction 
with a box jack to load pallets 21 percent of the total labor was wait time. This wait 
time occurred because the man jacking the stacks into position waited for the hand trucker 
to bring the fruit to the road truck. 
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Table 40,--labor required for 1 worker to load 1,000 unpacked boxes of apples on road trucks, 
equipped with dunnage strips, by stevedore-type 2-wheel hand truck 1/ 


eo 


Productive : Wait : Total 
time 3 time : labor 


Operation Workers j 
Number : Man-hours Man-hours Man-hours 


Setup and cleanup. ........4+4+0+6e-. 3 1 0.09 0.0 0.09 
Hand-truck boxes 30 feet from temporary : 7 
storage on orchard platform to bed of 7 R 
road. trucks: 26-696: % 6 % Ses wre 4 OS 1 : 1.99 Ale) 1.99 
Total man-hours . ......2e.-s-ee 3 = he Ose 20 2.08 
Elapsed time-~hours ; : 2.08 


1/ Data from Washington State Apple Commission. 


By the stevedore-type 2-wheel hand truck method 1,000 boxes can be loaded on road 
trucks at a cost for labor and equipment of $2.44 (table 41). Of this amount 98 percent 
is labor cost. The clamp-type 2-wheel hand truck, box jack, and pallet method of loading 
road trucks costs $1.21 more per 1,000 boxes than did loading with the stevedore hand truck. 


Table 41.--Comparative labor and equipment costs for loeding 1,000 unpacked boxes of apples on road 
trucks from orchard platforms by 2 specified methods 


: Lebor and equipment : Labor and equipment costs 
: *Elapsed! required : 
Me th od :Workers: time : Equioment * Total : : Total cost 
: : : time : labor :Equivment: Labor :Current: Assumed 


: : : H : : : Wages ; weges 
: Number: Hours :Machine-hours Man-hours: Dollars Dollars Dollars Dollars 


Clamp-—type 2-wheel hand truck 
and pallets: 
1 worker transports boxes 
30 feet from temporary : : : 7 
storage to road truck and : : : : 
releases boxes on pallets 
and 1 worker hand jacks 4 : : 
stacks into position... : 2 : 1.48 ; 1/ 1.60 2.95 > 0.25 3.40 3.65 4.39 


Stevedore-type 2-wheel hand 


truck and dunnage strips: 
1 worker transports boxes : 


30 feet from temporary 
storage and releases boxes : : 5 
on dunnage strips. .... : 1 :2.08 : 2/ 2.08 2.08 : .05 2.39 Qehh 2.96 


1/ 2,000-pound capacity gasoline-powered industrial fork-lift truck 0.06 mschine-hour, 20.8 pallets 
(40- by 48-inches) 0.06 machine-hour, clamp-type 2-wheel hand truck 1.48 machine-hours, total 1.60 
machine-hours. 

2/ Stevedore-type 2-wheel hand truck 2.08 machine-hours. 


Unloading from the Road Truck and Moving Apples 
into Storage by a Broad-Blade Forklift Truck 


To handle 30- and 36-box unit loads by the broad-blade forklift truck, it is 
necessary that the 6 stacks comprising the load be tied together at the top by a 
special top tie frame. These tie frames, which also serve as dunnage for the second and 
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third tiers, are made of 3 pieces of 2- by 
4-inch lumber bolted at each end of 

2 pieces of angle iron so that the 2-inch 
pieces run across the width of boxes 

(fig. 27). After the top tie frames were in 
place, the operator of the broad-blade fork- 
lift truck removed unit loads from the road 
truck by the same method used for palletized 
unit loads (fig. 28). The first unit load 
in each storage stack was set on 2- by 
4-inch dunnage strips placed on the storage 
room floor by the forklift operator who 
stopped his truck, dismounted, and posi- 
tioned the strips. The load was rel eased 
onto the dunnage strips in normal 

operating manner (fig. 29). Greater 

caution was necessary in making the release 
on dunnage strips as these strips provide 
only 1-5/8-inch clearance compared with 
3-inch clearance provided by pallets. Less 


Figure 27.--Top tie frame, made of 2 by 
4’s and angle iron tie rods, resting 
on motortruck bed. 


difficu]ty was experienced in releasing the second unit load on top of the first load as 
the top tie frames, which took the place of the dunnage strips on the floor, were tied 
together rather than lying loosely as were the dunnage strips. Also, the operator could 
see the forks and more quickly judge when they were clear. 


Figure 28.--Unloading a road truck with the broad-blade 
forklift truck. 


Third tier releases required considerable experience on the part of the operator 
in judging when the forks were clear and could be removed (fig. 30). 


Figure 29.--Release of a unit load of 
boxes on dunnage strips as the first 
tier of a stack. 


Unioading from road trucks and moving 
1,000 boxes into storage in 36-box unit 
loads by a broad-blade forklift truck 
required 2.24 man-hours of labor (table 42). 
Forty-three percent of this ] abor was wait 
time. Placing bottom dunnage strips on the 
floor was an extra operation, not required 
in the regular forklift truck and pallet 
receiving cycle of operations. The elapsed 
time required by the broad-blade forklift 
truck method was 1.12 hours per 1,000 boxes 
or 19 minutes per 288-box truckload. 


The total labor required for unloading 
a road truck by forklift truck and regular 
pallets was 1.70 man-hours as compared with Figure 30.--Release of third tier of 


the broad-bl ade forklift truck and dunnage- boxes by broad-blade forklift truck. 
strip method which required 2.24 man-hours-- Top tie frame on second tier allows 
an increase of 0.54 man-hour (table 43). fork to be retracted. 


Comparative labor and equipment costs per 1,000 boxes incurred by the 2 methods 
are shown in table 44. This table shows that use of the broad-blade forklift truck fails 
to reduce the costs normally charged to pallets, as the cost of top tie-frames and dunnage 
strips slightly exceeds pallet costs in the regular pallet handling method. Moreover, both 
equipment and labor costs are increased above those incurred by the regular pallet handling 
method. Total costs are increased from $5.11 per 1,000 boxes when pallets are handled to 
$6.23 per 1,000 boxes when unit loads are handled without pallets. 


Comparative Costs of Receiving Apples When 
Orchard-Handling Costs Are Added 


When the costs of loading road trucks in the orchard are added to the costs incurred 
at the plant for unloading the fruit and moving it to storage, there is a slight reduction 
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Table )\2,--Labor required for a 2-man crew to unload 1,000 unpacked boxes of apples from 
road trucks in 36—box unit loads and move them into storage by use of a 
gasoline-powered, broad-blade fork-lift truck when road trucks 
are equipped with dunnage strips 


: : : Productive : Wait : Total 
Wi 
ie lela poet Ge eine. kame ae labor 
: Number : Man-hours Man-hours Man-hours 
Setup. and cleanup. . . . 2... -«c-.c+e«#-+-see ? 2 : 0.13 0.9 0.13 
Place top tie frames on road truck .... : a : -06 20 -96 
Place top tie frames on each 36-box wmit : : 
ORG y wei cesyilet 1h chase: oer Yoyeye canto eres cat Marita) ver Wier, ool 1 4 «1 89 99 
Pick up 36-box unit load off road truck bed : : 
by broad-blade fork-lift truck. ..... : al : 219 207 226 
Transport unit load 100 feet ....... ?: 1 3 44 - 44 
Place dunnage on storage room floor for 3 
istei(bottom)stier <4 6 2 3 «se 6 4s. al : «13 = 213 
Release unit load average of lst, 2d, and 7 2 
BOBGICYS: =s6 5 ce so ee corte se ee Sen ee 1 4 +23 - 223 
Total man=hours:. «<< «2. s+ «% «= ¢ - : 1.28 96 2.24 
Elapsed time--hours ......... 3 H 1.12 


Table )3.--Labor required for a 2—man crew to unload 1,000 unpacked boxes of apples from 
road trucks in 36—box pallet loads and move them into storage by use 
of a gasoline-powered, regular-blade fork-lift truck 


: Productive ; Wait : Total 


Operation : Workers : time : time : labor 
: Number ; Man-hours Man-hours Man—hours 
Setup and cleanup. . .....4+e«+s-eeee 3} 2 : 0.13 0.13 0.26 
Pick up 36-box pallet load off road truck : 
bed by fork-lift truck. ... soko rere at 2 : 17 al 034 
Transport pallet load 100 feet ...... 3: 2 : 41 41 82 
Release pallet load in cold~storage room c $ 
(average lst, 2d, and ae tiers--18 boxes : : 
hich) 4 «2 «24 Eye earn hy re 2 : ot sid 228 
Total. man-hours . « . « «+6 « «© ses 4 - 3 8 -8 15°70 
Elapsed time--hours . ee A : 3 8 


made by use of the stevedore-type 2-wheel hand truck in the orchard and the broad-blade 
fork truck at the plant. Table 45 shows total ]abor and equipment costs by the pallet 
method to be $8.76 per 1,000 boxes. By the unpalletized method these costs were reduced 
to $8.67. 
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Table h.--Comparative labor and equipment costs for unloading 1,000 unpacked boxes of apples in 36-box unit load and 
moving them to storage by 2 specified methods 


Labor end equipment :; 
A ee ae 7 Labor and equipment oosts 
Method uorkora,21apeed! Bqui t ri Poean % ee : Total cost 
: : ; Equipment , Total ,Palle eae Labor (ereceeieaies 
: B, time ; labor ; cy aoe 
3 ? : : wages : wages 


: Number: Hours :Machine-hours Man-hours:Dollars Dollars Dollars Dollars Dollars 
t $ 3 


Fork-lift truck regular pallets . . : 2 2 0.85 =: 2/ 1.70 1.70 : 1.64 1.39 2.08 5.11 55h 
5 2 Hy t 

Broad-blade fork truck bottom H 2 2 3 

dunnage, 3 top tie frames. ... +: 2 : 1.12 + 3/ 2.24 2.0; + 1.65 1.83 2.75 6.23 6.79 


t 


i/ Pallet cost computed on basis of the following hourly costs of ownership and yearly maintenance: 

(a) Reguler pallets $1.93 per hour per 1,000 boxes. (Based on initial oost of $77.8) per 1,000 boxes, 
15-year depreciation, interest on arsine 5 percent, 2 percent allowance for irisieeioe and taxes, and 
an annual use of };.7 hours, plus 6¢ per 1,000 boxes per year for maintenance.) 

(b) Top tie frames and dunnage strips $1.);7 per hour per 1,000 boxes. (Based on initial oost of $60.06 per 
1,000 boxes, 15-year depreciation, interest on investment 5 percent, 2 percent allowance for insuranoe 
end taxes, and an annual use of ).87 hours, plus )6¢ per 1,000 boxes per year for maintenance.) 

2/ 2,000-pound capacity gasoline-powered industrial fork-lift truck 0.85 machine-hour, 27.8 pallets (%6-box) 
0.85 machine-hour; total 1.70 machine-hours. 

3/ 2,000-pound capacity gasoline-powered industrial truck 1.12 machine-hours, top tie frames and dunnage strips 
1.12 machine-hours; total 2.2 machine-hours. 


Table 5.--Comparative elapsed times, labor requirements, and labor and equipment oosts for loading 1,000 unpaoked boxes of apples on road 
trucks in the orohard and for unloading and moving them into storage at the plant by 2 specified methods at each location 


‘ Labor end equipment Labor and equipment costs 
t *Blapsed' required 

Method sWorkeres time ' Equipment ‘ Totel ' s Pallets +s $ Total oost 
ry ’ t time 3 Cabos ye aah frames,s Labor :Currents Assumed 


t 3 t $ s or dunnages 3 Wages : wages 
+Number + Hours :Maohine-hours CORT Tr Dollars Dollars Dollars Dollars Dollars 


’ t : £ 
Pallet methods : t t t 


Orchard: 1 worker transports boxes 30 feet from tempo- : : 
rary storage to road truok by olamp-type 2-wheel hand : ‘ 
truok and releases boxes on pallets and 1 worker hand- $ 
jacks staoks into position...» »+«se-. Shiv: eee ek 8h 


1.60 2.95 1 1/ 0.25 - 3.40 3.65 39 


Warehouse: 1 worker and fork-lift truok piok up 36-box 
pallet loads off road truck, transports them 100 feet, 
releases boxes in storage, 1 worker mostly waits . . » ¢ 2 


085 


1.70 1.70 : 1.39 1.64 2.08 5.11 5.54 
3.30 4.65 : 1.64 1.64 5.48 8.76 9.93 


$ 
t 
t 
1 
t 
t 
t 
t 
3 
t 


Ot Bs 7.0: aon ta: ta: vey JOC eee). > Weleda ee Fal ibi, feilnes Jes Fe a ee eee ee 
Unpalletized method: 


Orchard: 1 worker transports boxes 30 feet from tempo- : 3 3 3 
rary storage to road truok by stevedore-type 2-wheel 3 7 : : 
hand truck and releases on road truck equipped with 3 : : : 
dunnage strips ..... 5. ee eee Store ten Beer ok!  /OO8E Ts 2.08 2.08 :1/ .05 - 2.39 244 2.96 


Warehouse: 1 worker places top tie frames on each t 
36-box unit load, 1 worker with broad-blade fork pioks 1 

up 36-box unit loads, transports them 100 feet, and 
releases boresin storage . .. « « Site) i an 6) sw ties Or oe . 3 2 


7 
1 
2.24 2.0, 1 1.83 1.65 2.75 6.23 6.79 
t 
5 


POUR ae ae aco es ak ee Le, le Be we eee, ee oes 3 33.20 3 4.32 4.32 1.88 1.65 Sly 8.67 9.7 


i/ Pallet or dunnage charges inoluded with equipment oosts. 


Moving Boxes of Apples from Storage to the Packing Line 


Tests were conducted with the broad-blade forklift truck for moving fruit from 
storage to the packing line to determine the possibilities of eliminating the handling 


of pallets at the dumper. If this operation could be eliminated, there would be a saving 


in labor plus a snoother flow of fruit over the sorting and packing line as much of the 
interruption at the dumping station caused by removing empty pallets could be avoided. 


In these tests, the broad-bl ade forklift truck picked up unit loads from the third 
and second tiers in the cold-storage rooms in a manner similar to that of the regular 
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forklift truck, although added time was required because of the narrow space for fork 
clearance between tiers. Considerable reduction in the time required for picking up second 
and third tiers could be expected as truck operators gained experience. After the first 

or lower tier was picked up, the forklift truck operator dismounted, picked up the dunnage 
strips from the floor and placed them in a storage stack before the unit load was moved 

to the dumper. The 36-box unit loads were released on roller conveyors at the dumping 
station. When a bank had been built on the roller conveyor, the forklift truck operator 
dismounted and removed the top tie frames from the 36-box unit loads. As the forklift 
truck operator removed the tie frames there was no interruption of the flow of fruit 
being dumped. In the pallet methods, after the last box from each pallet has been dumped, 
the dumper must remove the pallet and pul] another pallet load into position. 


When the broad-blade forklift truck was used for moving 36-box unit loads from 
storage to the dumper, 1.29 man-hours of |abor per 1,000 boxes were required (table 46). 
Picking up the dunnage strips placed on the floor of the cold-storage room added 0.04 man- 
hour to the labor requirement for this cycle of operations. No wait time was involved as 
the unit loads were released on roller conveyors which provided a bank of supply for the 
dumper. 


Table )6.--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage 
to the packing line by broad-blade fork-lift truck and gravity-type roller conveyors 


: 7 : Productive : Wait ; Total 
Cee auaen : Workers 7 time : time : labor 
Number : Man-hours Man-hours Man-hours 
Pick up 36-box unit load in cold-storage 

room by broad-blade fork-lift truck : : 

(average lst, 2d, and 3d tiers) ..... : 1 Ree Cea - 0.21 
Transport unit load 190 feet... ..-- : 1 : .88 = .88 
Release unit load on roller conveyors at : 7 

Gumper.) .. « 6% 6. eri oeteo ries uses al : 09 - -09 
Pick up and stack dunnage strips ..... 3: Z : 2-04 - O04 
Remove top tie frames. . ......+2-. : Al : 207 - 207 

Total. man=NOUrs hee oe oe a ee oe Heine by 1.2 


In the usual forklift truck and pallet method, the forklift truck picks up 36-box 
pallet loads in the storage room from the first, second, and third tiers, transports them 
190 feet to storage, and releases these loads on roller conveyors at the dumper. The dumper 
must remove the empty pallets. By this method, 0.90 of a man-hour of labor is required to 
move 1,000 boxes of apples to the dumper (table 47). The roller conveyor provides a bank 
of supply in this case as when the broad-blade forklift truck was used, thus eliminating 
wait time. 


The use of a broad-blade forklift truck, top tie frames, and dunnage strips added 
0.39 of a man-hour to the total labor required to move 1,000 boxes of apples to the packing 
line from storage by the regular forklift truck and pallet method. Increased costs per 
1,000 boxes handled were: Pallets or top tie frames $0.16; equipment $0.63; and labor $0.51; 
or a total of $1.30 (table 48). 


Shoe 


Table 7.--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage 
to the packing line by fork-lift truck, pallets, and gravity—type roller conveyors 


: : Productive : Wait : Total 
Operation , Worlers , time : time : labor 
Number ; Man-hours Man-hours Man-hours 


Pick up 36-box pallet loads in cold-storage : 


room (average lst, 2d, and 3d tiers)... : 1 : 0.12 = 0.22 
Transport pallet load 190 feet ...... 1 i 264 - ~64 
Release pallet load on roller conveyors at : 

GumMpers « w-45se° ove. oes lO ew we ee ME a 7 <O7; - O07 
Remove empty pallets ........0626-. aL 07 = -O7 

Total mm-hours .......-+..-. - A e) 


Table )8.--Comparative labor and equipment costs for moving 1,000 unpacked boxes of apples from storage to the packing 
line in 36-box unit loads by 2 specified methods 


Labor and squared’ : Labor and equipment costs 


fF H required 
Method :Workers: fantonent > total * 2 5 Total cost 
: $ Eime : labor shelley sRautmmonts Labor :Current:Assumed 


3 $ c 2 3 2 : wages : wages 
:Number :Machine-hours Man-hours: Dollars Dollars Dollars Dollars Dollars 


Fork-lift truck regular pallet ..... ? 1 + V/ 5.13 0.90 + 174 1.49 1,17 4.0 4.63 


Broad-blade fork truck bottom dunnage, 3 3 : 
3 top tie frames. . 1... see eee © # 1 +# 2/5,.91 1.29 + 1.90 2.12 1.68 5.70 6.02 


i 2,000-pound capacity gasoline-powered industrial fork-lift truck 0.90 machine-hour; 27.8 pallets (36-box) 
0.90 machine-hour; 30 feet of gravity roller conveyor 3.33 machine-hours; total 5.13 machine-hours. 

2/ 2,000-pound capacity gasoline-powered industrial fork-lift truok 1.29 machine-hours; top tie frames and 
dunnage strips 1.29 machine-hours; 30 feet of gravity roller conveyor 3.35 machine-hours; total 5.91 machine-hours. 


Conclusions and Recommendations 


Although the broad-blade forklift truck used with dunnage strips and top tie frames 
appeared to have possibilities for reducing pallet costs, time studies revealed that 
because additional time was required to handle the unit loads of fruit and stack them on 
dunnage strips the ownership charges of dunnage strips based on 400 hours of use were 
greater than for pallets used for a similar period. 3/ Additional labor and machine time 
required for handling when dunnage strips are used further reduces the possibility of 
effecting economies by use of this method. The slight reduction in combined costs for 
orchard loading and plant receiving does not warrant the recommendation of the broad-blade 
truck in preference to the regular narrow-bl] ade truck and pallets. 


3/ Both pallets and dunnage strips based on the same hours of use. Although the 
dunnage strips are used longer in the four major cycles of operation in the warehouse than 


the pallets, the dunnage strips cannot be used with empty boxes as are regular pallets. 


- 53 - 


INDUSTRIAL FORKLIFT TRUCKS AND ELEVATORS FOR MOVING 
PALLET LOADS BETWEEN FLOORS IN MULTISTORY BUILDINGS 


The newer apple houses constructed for palletized handling and storage usually are 
of one-floor design. In these facilities there is no problem of moving fruit between floors. 
Although it would not be feasible to replace all of the existing mltistory plants, many 
of the older facilities could be remodeled, in whole or in part, and adapted to forklift 
truck and pallet handling. In some instances, the plants could use forklift trucks as 
elevators to move pallet loads of fruit from one floor to another (fig. 31). Elevators 
are rather expensive and generally cost more 
than one forklift truck and sometimes as much 
as the two trucks that are necessary when this 
equipment is substituted for elevators. The 
high initial cost of elevators and their 
relatively low hours of annual use indicated 
the desirability of studying the use of the 
forklift trucks for elevators. The forklift 
truck has mobility and can be used for many 
handling operations other than moving fruit 
between floors. The elevator stands idle 
except during the interfloor movement of 
materials. 


Studies were made in one plant where a 
forklift truck was used to elevate or lower 
40-box unit loads 8% feet from or into a 
basement storage room. Data accumulated at 
this plant showed that the rate of elevating 
or lowering pallet loads between floors by 
the forklift truck was not significantly 
different from the rate of elevating when 
the forklift truck was used for tiering 
pallet loads in a one-floor operation. 

Thus, standard data can be applied to opera- 
tions where the forklift truck is used as an 
elevator. 


The belt conveyor is the most widely 
used type of equipment for moving fruit be- 
tween floors in older multi-story plants. 
Boxes of apples arrive at these warehouses on 
road trucks in 6-box-high stacks or unit loads. 
These unit loads must be broken down as single 
boxes are placed on the belt conveyor for movement to the storage room. Inside the warehouse 
the unit loads are rebuilt for handling by 2-wheel hand trucks. If a belt-conveyor system 
in a plant were changed to a pallet-handling system, unit loads arriving at the warehouse 
on pallets might be moved into the cold-storage rooms on the second floor or in the base- 
ment by use of a forklift truck. A second forklift truck stationed on the floor of the 
storage room would move pallet loads into storage. It is doubtful, however, whether fork- 
lift trucks could be used on upper floors of many of the conventionally built plants without 


Figure 31.--Forklift truck elevating a 
pallet load to the upper floor of the 
plant. 
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considerable remodeling work to make the floors strong enough to carry a 36-box or 48-box 


forklift truck. Another consideration is the extra work that would be necessary in handling 


pallets on the upper floors in most plants, and the loss of space. 4/ However, there 
undoubtedly are some older multistory plants having floor structures on which forklift 
trucks could work. 


For purposes of analysis, it was assumed that transportation distances, when moving 
boxes of apples into storage are 100 feet and, when moving fruit from storage points to 
the packing line, 190 feet. The distance between floors was assumed to be 8% feet. 


Unloading and Moving 40-Box Pallet Loads of Apples 
to Storage Rooms on Upper or Lower Floors 


Industrial Forklift Trucks Alone 


The plant in which tests were conducted was an old multistory building that had 
been remodeled for pallet-handling operations. The floors of two large first-floor rooms 
had been torn out and rebuilt from the ground level. Posts had been removed and a truss- 
roof was built on. However, there still were storage rooms in one section of the building 
in a basement and on the second floor. This plant uses two forklift trucks for the inter- 
floor movement of pallet loads instead of installing an elevator system. 


When the fruit is unloaded at the first or main floor level and placed in storage 
in basement rooms, ] forklift truck picks up a loaded pallet on the receiving apron, 
transports the fruit through the 2 large pallet rooms and deposits the pallet at the 
edge of a square opening in the pallet room floor. In the basement, a second forklift 
truck moves into a smal] cutout in the wall of the basement and elevates its empty forks 
8% feet to the°’floor of the room above. The lift truck then moves forward, inserting the 
forks into the pallet resting on the floor above, picks up the pallet, lowers the load 
into the basement, and moves the fruit to storage position (fig. 32). When the fruit is 
moved from the basement storage room to the packing line, the procedure is reversed. 


By this method 1,000 unpacked boxes of apples can be unloaded at the first floor 
leve] and moved into storage in the basement with 1.83 man-hours of labor and in an 
elapsed time of 0.61 hour (table 49). Part of this labor is lost through wait time as 
the operator of the road truck stands by during the unloading operation. 


Industrial Forklift Trucks and Elevators 


Time studies of receiving operations were made in one plant that used an elevator 
to move pallet loads of fruit from the main floor apron on which they were unloaded to 
storage rooms at a lower level. When the elevator was used to move pallet loads from the 


4/ Most conventional plants probably would use the 24-box industrial clamp truck, 
thus avoiding the loss of storage space occupied by pallets and also avoiding the 
handling of empty pallets to and from the storage room floor and main floor. Pallet 
costs also would be eliminated. 
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Figure 32.--Lift truck in basement picking up pallet load on upper floor. 


Table 9.--Labor required for a 3-man crew to unload 1,000 unpacked boxes of apples in 
40=box pallet loads from road trucks and move them into storage 
rooms on lower floor by 2 industrial fork-lift trucks alone 


5 : — : Productive : Wait : Total 
Pereyaon g COE RRES time H time 4 labor 
: Number : Man-hours Man-hours Man-hours 

Setup and cleanup. <<.) s0s0% 4 «6s 2 eet 3 = 50613 0.48 0.61 
Fick up 40—box unit load off road truck bed : 

by fork=1sft trucks. a a) ei Sod eo ee ws al O09 13 422 
Transport 50 feet from road truck to ele- : 

vator- cutout on; first floor... @ «6s e168 He : 23 0 623 
Release unit load on first floor ..... .: 1 : meyA 212 716 
Elevate empty forks on second lift truck to : 

upper floor 83 feet. Pick up unit loed and: 

lower loaded fork . Ca Stee Fen oh lek Se eee yt 7 18 Bye} 31 
Transport 50 feet from the elevator hole to : ; 

the storage point on basement floor... .: al : s23 re) 23 
Release unit load in storage aree (average 

HES Ee aANG 2 Cis berS) satu ccture: Nowe eck’ oe el wis ois 1 : 07 <0 307 

Total) man-hours: <<. % & 3 . «1a 408 « - : 297 286 1.8 


Elapsed time--hours .. . . . . - . » 03 : 261 
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main or ground level floor to the lower floor, one forklift truck was used to unload the 
road truck and transport pallets into the elevator where they were released. The eleva- 

tor operator standing on the receiving apron at the edge of the elevator doorway controlled 
the movement of the elevator to the lower floor. A second lift truck in the storage room 

on the lower floor picked up the pallet loads in the elevator, transported then, and 
stacked the pallet loads in final storage position. As each load was removed from the 
elevator its operator brought the elevator back to the main floor level. 


When fruit is moved into storage by 2 forklift trucks and 1 elevator, 2.00 man-hours 
of labor are required to move 1,000 boxes into storage in an elapsed time of 0.50 hour 
(table 50). Forty-six percent of this time is wait time. The wait time occurs mainly 
because the road-truck operator is standing by during the unloading operation and the 
elevator operator waits more than one-half of the time. It is possible that the use of 
an automatic elevator would eliminate much of the latter wait time. 


Table 50.--Labor required for a 4-man crew to unload 1,000 unpecked boxes cf apples in 
40—box unit loads from road trucks and move them into storage rooms 
on lower floor by 2 industrial fork-lift trucks and 1 elevetor 


: : : Productive : Wait : Totel 
\ 
pegreteen : Wormers : time 7 time ; labor 
Number : Man-hours Man-hours Man-hours 
Setup: aid “cleanups: «04 605.208 ae © es ee 5 4 : 0.13 03.37 0.50 
Pick up 40-box unit load off road truck bed : : 
by fork-lift truck... Bote) bes sets 1 : 09 «L3 a2 
Transport 50 feet on first floor from road : 
truck into elevator . i... s «6s «© 2s 3 1 : ras} me) 223 
Release pallet in elevator ........ 3 al : 205 0 205 
Elevatcr cycle 8S feet between floors. .. : a : 2°22 28 - 50 
Pick up 40-box unit load off elevator by : 
second fork-lift truck. .......+..2+.s. 3 1 3 -06 14 ~20 
Transport 50 feet from elevator to stacking : : 
point: on. Lower TLOOK. «is is. 6. eS 3) wwe 8 nl : 223 -O ye 
Release unit load in storage area (average : : 
st and 20 tiers), 66s . 6)- S. & ee we See a : O07 AS) 207 
Total man-hours .... 6.6... ee 6 3 - : 1.08 292 ___ 2.00 


Elapsed time--hours . 


Comparison of Methods 


When a forklift truck was used as an elevator, 1,000 boxes of apples could be 
received at storage points at a cost of $7.11, or $1.00 per 1,000 boxes less than when 
forklift trucks were used in combination with an elevator (table 51). Although the use 
of elevators requires less elapsed time to receive 1,000 boxes, this advantage was off- 
set by slightly larger total labor requirements, increased crew size, and greater 
machine costs. 
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Table 51.--Comparative labor end equipment costs for unloading 1,000 unpacked boxes of apples from road truoks in 
0-box pallet loads and moving them to storage room on lower or basement floors by 2 specified methods 


; # Labor and equipment + Labor and equipment costa 


H Work-*Blapsed? required 8 
Method : ers time ; Equipment * Total - : ty 7 ‘ Garsontr Assumed Fotat cost 7 
‘ : : Fares * lebor * quipment: Labor :Current;Assume 


7 t 2 . : Wages : wages 
:Number: Hours :Machine-hours Man-hours: Dollars Dollars Dollars Dollars 


Elevator, fork-lift trucks and pallets: 
T fork-lift truck transports 50 feet to 
elevator, 1 fork-lift truck transports 


50 feet from elevator to storage. ....: 0.50 +: V 2.23 2.00 : 5.66 2.45 8.11 8.61 


Fork-lift trucks and pallets with 1 fork- 

lift truck used as an elevator: $ 
1 fork-lift truck transports 50 feet to $ 
cutout in the floor, 1 fork-lift truck : 
picks up and transports 50 feet from the : 
cutout to storage. « « « « © © © © © © ef 


$= 460i e82 2629S Tell 7056 


es 


Ty 


2/ 2.06 1.83 


V/ 8,000-pound capacity cable elevator 0.50 machine-hour, ),000-pound capacity electrio fork-lift truok 1.00 
machine-hour, and 25 0- by 48-inch pallets 0.73 maohine-hour; total 2.23 machine-hours. 

a l,,000-pound capacity electric fork-lift truok and |\8-box pallets 1.22 machine-hours and 25 )0- by 18-inch 
pallets 0.8 machine-hour; total 2.06 machine-hours. 


Upper or Lower Floors to the Packing Line 


on_the Main Floor 


Industrial Forklift Trucks Alone 


Because the rate of the packing line sets the pace for the operations in moving 
fruit from storage to the dumper, most of the conventional-type belt conveyor plants 
remodeled for handling pallet loads will continue to utilize belt conveyors for these 
operations. However, extensive remodeling in some plants would provide for upper or 
lower floors between which fruit must be moved by some means other than belt conveyors. 
Therefore, tests were conducted to measure the efficiency of industrial forklift trucks 
for doing this work. 


The moving of boxes of apples from storage on a lower floor to the packing line on 
the first floor by forklift trucks is the reverse of the receiving cycle of operations, 
except that the receiving cycle is not machine regulated. It is assumed that the trans- 
portation distance is 190 feet. A forklift truck in the basement is used to move the 
pallet load 90 feet, elevate it to the first or main floor, and release the load there. 
A second forklift truck on the main floor is used to pick up the load, move it 100 feet 
to the dumping area, and release it on sections of gravity-type roller conveyors |]eading 
to the dumper. 


The use of forklift trucks to move fruit from the storage room on a lower floor to 
the packing line on the first floor required 1.08 man-hours of labor per 1,000 boxes 
(table 52). Use of roller conveyors to accumu] ate boxes at the dumper eliminated most 
of the wait time as the dumper could move up pallet loads as needed. 
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Table 52.--Labor required for 2 workers to move 1,000 unpacked boxes of apples in 40-—hox 
pallet loads from storage rooms in the basement to the packing line on the main 
floor by 2 industrial fork-lift trucks and two 15-foot roller conveyors 


: : Producti 2 Wait : 
operation mn Ee ee 
: Number : Man—hours Man-hours Man-hours 
Pick up 40-box unit load in basement storage: 
room by fork-lift truck (average lst and 7 
2d tiers). euge) eekesa “en ee fe) ees a : 0.08 0.0 0.08 
Transport vnit load 90 feet on basement : 
floor to cutout in floor ........ : il; y 228 20 -28 
Elevate unit load 83 feet and release on ; 
upper floor devel «= « < 3 iss seis we oe «OS ul : 18 0) 18 
Pick up 40=-box unit load off first floor : : 
level by second fork-lift truck ..... : 1 : -06 -06 12 
Transport unit load 100 feet to dumper .. ;: 1 3 229 oO 229 
Release unit load on roller conveyor at 7 : 
GUMPCT si cece nse eo si cursee see is care cues 1 : ot Ale) wl 
Total man-hours . ......s+s.see ? - 2. 102 06 1.08 


Elapsed time--hours . 


Industrial Forklift Trucks and Elevator 


When an elevator is used in combination with forklift trucks to move apples from 
storage on one floor to the packing line on another floor, the conditions are set up so 
that the forklift truck transports the apples 90 feet, releasing the unit load onto an 
elevator. An elevator operator standing on an upper floor moves the elevator so that a 
second forklift truck operator on the main floor can pick up the fruit, transport it 
100 feet, and release it on roller conveyors at the packing line. 


By use of forklift trucks in combination with elevators 1.44 man-hours of labor 
were required to move 1,000 boxes to the packing line (table 53). Twenty-three percent 
was wait time. Most of the wait time constituted idle time of the elevator operator. 


Comparison of Methods 


Forklift trucks can move 1,000 boxes of apples from storage rooms on one floor to 
the packing line on another floor, over a transportation distance of 190 feet, at a cost 
of $6.36 per 1,000 boxes, or $1.36 less than when forklift trucks were used in combination 
with elevators (table 54). The greater efficiency of the forklift trucks used as elevators 
arises not only from savings in labor but from reduced machine costs as well. 


Conclusions and Recommendations 


Data from these tests indicate that forklift trucks when used alone are more efficient 
than when they are used in combination with elevators for moving pallet loads of fruit 


oe 


Table 53.--Labor required for a 3-man crew to move 1,000 unpacked boxes of apples in 40-box 
pallet loads from storage rooms in the basement to the packing line 
on the main floor by 2 industrial fork-lift trucks, 1 elevator, 
and two 15-foot sections of roller conveyors 


: 7 : Productive : Wait : Total 
Operation : Workers : time : time : labor 
: Number : Man-hours Man-hours Man-hours 
Pick up 40—box unit load in basement : 

storage room by fork-lift truck (average : 

Mistuande2detiers)! arts. oo te. Se ey esr s- aites ul : 0.08 0.0 0.08 
Transport unit load 90 feet on basement : : 

PlGOT GOLCLEVALOM sci. c0 ts. > se oes we se os 1 : 228 -O 228 
Release unit load in the elevator. .... : 1 : 05 07 ol2 
Elevator cycle (8$ feet between floors). . : 1 : <2? 226 148 
Pick uv 40—box unit load off elevator at : a 

first floor by second fork-lift truck .. : i : .06 me) -06 
Transport unit load 100 feet on first floor : : 

TOMOUMDET Seat « cio sace ws: Wi ee wt ek ce eS 1 : 229 Ae) 2°29 
Release unit load on roller conveyor... : 1 : sil3 20 13 

Total man-hours ......+.+.e.e - : pie i 1.4 
Elapsed time--hours ..... .. . . . : : 48 


Table 5l,.--Comparative labor and equipment costs for moving 1,000 unpacked boxes of apples in 40—box 
pallet loads from storage rooms on 1 floor to the packing line on another 
floor by 2 specified methods 


seo Saale a ea a a Lebor and equipment costs 


: : required 

Methods :Workers: A : 3 : 3 Total cost 
* Equioment * Total * : PRN Sy apa 
2 tine * Jaber Soa ooh Labor :Current:Assumed 


: a : 7 : : wages : wages 
: Number:Machine-hours Man-hours: Dollars Dollars Dollars Dollars 


Elevator, fork-lift truck, and pallets: : 
1 fork-lift truck transvorts unit : 


load 90 feet to elevator, another : 
fork-lift truck transports 100 feet : : : 
from elevator to dumper. ..... : 3 #: JL/ 5.66 1.44 : 5.92 1.80 Vi2 8.08 


Fork-lift trucks and pallets with ] : : 
lift truck used as an elevator: : : 
1 fork-lift truck transports 90 feet : 
to cutout in floor and elevates 7 7 
load to upper floor, another fork- 
lift truck transports 100 feet to 7 : 
aumper. Ss ys chops Sos weet Ss) 2 oS 12/%5.43 1.08 : 4.96 1.40 6.36 6.63 


1/ 8,000-pound cepacity cable elevator 0.48 machine-hour, 4,000-pound capacity electric fork-lift 
truck 0.96 machine-hour; 25 40- by 48-inch pallets 0.89 machine-hour; and 30-feet gravity roller con- 
veyor 3.33 machine-hours; total 5.66 machine-hours. 

2/ 4,000-pound capacity electric fork-lift truck 1.08 machine-hours; 25 40- by 48-inch pallets 
1.02 machine-hours; and 30 feet gravity roller conveyor 3.33 mechine-hours; total 5.43 machine~hours. 
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between floors in multistory plants. This efficiency might be even greater if sections 
of roller conveyors could be used to accumulate banks of supply near the opening in the 
floor through which loads are moved. The use of the forklift trucks also reduces the 
number of men added in the crew and permits the investment in equipment to be kept at 

a minimum. 


The use of elevators in most remodeled belt-conveyor plants would increase ] abor 
and equipment costs. In some plants, however, it would be necessary to instal] either 
an elevator or some kind of hoist to move lift trucks from one floor to another. Thus, 
the investwent in an elevator may be unavoidable in many cases. 


In multistory, belt-conveyor plants that are to be remodeled touseindustrial lift 
trucks, it appears to be more desirable to use lightweight industrial clamp trucks rather 
than forklift trucks and pallets. In many of the older plants, the floors in the rooms 
above ground level would have to be reinforced to stand up under the weight of a forklift 
truck. The lightweight industrial clamp truck probably could operate in most plants after 
the floors were reinforced. The use of pallets also results in the loss of considerable 
storage space in low-ceilinged rooms. Moreover, interference from posts and ducts in 
these storerooms is likely to increase ]abor and machine costs for handling pallets. 


LOADING 36-BOX PALLET LOADS OF APPLES IN REFRIGERATOR 
CARS AT PACKINGHOUSE AND UNLOADING CARS AT DESTINATION 


As the number of Washington State apple houses using pallet handling methods has 
increased, interest has developed in the possibilities of increasing the efficiency of 
pallet handling methods by loading fruit in refrigerator cars on disposable pallets. The 
use of disposable or expendable pallets would permit the car to be loaded one pallet load 
at a time. Theoretically, loading refrigerator cars with pallet loads would permit unit 
loads to be maintained all the way from the segregation area in the packinghouse to the 
order assembly operation in the wholesaler’s warehouse. Moreover, studies have revealed 
that carloading causes more damage to fruit than any other handling operation. Palletized 
loading of the fruit should assure more gentle handling and less bruising of the apples. 


Most refrigerator cars are loaded 7 apple boxes across the width of the car. To load 
the width of the car solidly with boxes of apples on pallets would require the use of 
2 sizes of pallets--a 3-box width and a 4-box width pallet. As it is impractical for an 
apple house to handle and store pallet loads of 2 sizes, the 36-box pallet (3 boxes wide) 
appeared to be the most logical size for loading cars. Its use would permit the loading 
of 2 pallets and a single unpalletized row across the car. 


A few of the newer refrigerator cars with side-wall flues and steel bottoms are loaded 
8 boxes wide. Although these cars might be suitable for the use of the 4-box width pallets, 
the dimensions are so close that, with slight shifting in transit, the pallet loads mght 
become wedged so that they could not easily be removed at their destination. 


Because fiber pallets cost about $1.50, a less expensive wooden pallet costing about 
$1 was tested. This was made from 1” x 4” slats. Four boards 39” long are crossed at right 
angles by 3 boards 36” long. A 2” x 4” block is nailed under each intersection, and a 
lath tie strip is nailed to the bottom of each row of blocks (figs. 33 and 34). 


Pa ee 


2" 4"xX 20 HIGH 


Figure 34.--Diagram of pallet shown in figure 33. 


A problem in the test shipment was the necessity for building special pallet loads 
based on the manifest for the car. Boxes of packed fruit were blocked out by the regular 
industrial forklift truck method and these boxes were transferred in the blocked-out 
area from the regular 40-box storage pallets to the 36-box expendable pallets. Thus, the 
unit loads built in the segregation area as the packed fruit came off the line were not 


maintained any longer than they normally would have been maintained if the boxes had been 
loaded in the usual pattern. 
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After the boxes of fruit were positioned on expendable pallets, it was determined 
that there were two basic loading procedures that might be used. One was to strap each 
pallet load so that it would be maintained as a unit in shipment. The other was to leave 
the pallet loads unstrapped and strip the car. Cost estimates indicated that stripping 
the car would be the more economical method but that strapping the pallet loads would be 
the more convenient and would facilitate unloading at the car’s destination, as there 
would be less likelihood of boxes in pallet loads shifting in transit. Accordingly, pallet 
loads were strapped as shown in figure 35. 


To load the refrigerator car by an 
industrial forklift truck it was necessary 
to place bridge plates on the floor racks to 
keep the truck from breaking through the racks. 
The carloading pattern was to place pallet 
loads alongside both sides of the car, leaving 
the usual amount of space on each side for air 
circulation, and to place a row of single boxes 
down the center lengthwise of the car (fig. 36). 
In the center crosswise of the car, 2 tiers of 
boxes were stacked on each side just inside 
the door and 2 pallets were placed in the door- 
way (fig. 37). The single-row stacks were 
5 boxes high. The row could have been 6 boxes 
high if necessary for a larger load. 


Figure 35.--Packed boxes of apples in 
Figure 36.--Placing a unit load ina position on the pallet unit load 
refrigerator car. have been strapped for shipment in 
refrigerator car. 


The car was loaded by a forklift truck which first placed ] pallet load in a corner 
of the car. While the forklift truck and operator were returning to the blocked-out area 
for the next load, a hand trucker placed 2 stacks of fruit in the middle of the car 
against this pallet load. The lift-truck operator placed his next load in the opposite 
corner but in the same end of the car up against the center stacks. This pattem of 
loading was continued until al] fruit had been loaded up to the doorway. To load the 
doorway the hand-truck operator placed the 2 tiers of loose boxes in position while 


Figure 37.--Loading the doorway of a refrigerator car 
when boxes are partially palletized. 


the litt-truck operator stood by. Then the last 2 pallet loads were placed in the 
doorway. 


To unload the car, the consignee had the greatest difficilty removing the 2 pallet 
loads stacked on each side of the doorway. Trouble also was experienced by the consignee 
with the industrial lift truck’s breaking through the floor racks until plates were 
placed on the floor. It also was reported that 1 of the pallets in the doorway had moved 
about 2 inches in transit, breaking the sideboards of the car. Two boxes of apples in 
the doorway were broken and the boxes of apples not on pallets had shifted about 6 inches 
but all of the pallet loads were intact. 


Total labor required for loading and unloading the car of 798 packed boxes of apples 
was 6.80 man-hours (table 55). 5/ Of this total, 5.46 man-hours were required for loading 


5/ Data on labor requirements for unloading are from standard data on operations 
involved and do not necessarily reflect requirements in the consignee’s warehouse. 
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Table 55.-=-Labor required for a 3-man orew to move 798 packed boxes of apples (1 carload) out of 
storage and load a refrigerator car with 18 36-box pallet loads and 150 unpalletized boxes, 
and for a 2-man crew to unload the car and place the fruit in storage by expendable 
pallets, fork-lift truck, and clemp-type 2-wheel hand truck 1/ 


: Total 
time : time : labor 
:Number :Man-hours Man-hours Man-hours 


Operation Workers’) "ue tives Mae 


At packinghouse:; 


Setup and cleanup (798 boxes). . 2.6 ..e+es+ecese et 3 ¢ 0.20 0.10 0.30 
Pick up 18 36=box pallet loads (6,8 boxes) by fork-lift : : 

SNUG ca eis catia) araec Gwe, “Skies Oo ere Ona let alee, len eer ete eater 1 4 08 Pie) 08 
Transport 18 36-box pallet loads 60 feet to temporary : 3 

storage for strapping operation . .« « « « © « » © © «© e 1 eal 20 eel 
Release 18 36=box pallet loads at temporary storage. . o : 1 2 005 20 005 
Strap 18 36-box loads onto expendable pallets. . . . « « : 2 3029 Ae) 309 
Piok up 18 36=-box pallet loads by fork-lift truck. ... : 1 oO, 00 ie) 
Transport 50 feet into refrigerator car. » . » + © © © « : ab 019 00 019 
Release 18 36-box pallet loads in refrigerator car .. .: 1 005 Pr) 228 
Pick up 5<-high stacks (150 boxes) by use of olamp-type : 

P-wheel hand trucks <6 66 6 @ 6 6 6 8 6 8% 2 ee VW 8 206 A) 206 
Transport 110 feet into refrigerator car . . . »« « « « e 1 t 039 0 39 
Release 5-high stacks in refrigerator oar. . . ». oe » 1 os 206 Ae) 006 
Stack boxes 150 in refrigerator car. .« « o « © © © © © « 1 3 026 025 051 


Total man-hours per 798 boxes (1 carload) ...... 


At terminal market: 
Open car door, place and remove bridge plate, and close 


ey 


GOOMs 6 eS S Se 6 eh ee 6) ee ie wus) ce ot ce Use hei enence: Ge 2 3 0 oa 
Piok up 18 36=box pallet loads (68 boxes) by fork-lift 

CTUOK AL sla ce: ens: BO ae wre EW aoe el we eg ey ge Oh 218 
Transport 100 feet to storage point by fork-lift truck . ;: 1 3 oT 00 027 

Release 18 36-box pallet loads at storage point by 2 : 
fork-lift truck . +. os 0 6 ee eee see we eet. 12 +4 3/ 05 0 205 

Pick up 5-high stacks (150 boxes) in refrigerator oar $ : 
by clamp-type 2-wheel hand truck. © 6 « 6 » » «+ + «6 «es Il ¢ -08 0 208 
Transport 100 feet to storage point. ...+s.+s+-++eet 1 ¢ 036 0 036 
Release 5-high staoks at storage point .....-+.eee: 1 3: 006 0 206 
Total man-hours per 798 boxes (1 carload) ....s.+.e: - ¢ 1.30 20h 1.3) 

$ ° 

Total man-hours per 798 boxes (1 carload) at both : : 
TOGACIONB e.-J6n% 8 Sue sel ex tow “eo SS he Se ven ee ON. as : 6.18 262 6.80 


1/ Labor requirements shown do not cover blocking-out and manifesting loads. 
Double rate used to allow for maneuvering inside refrigerator oar. 
3/ Average 1st and 2d tiers. 


and 1.34 man-hours for unloading. The commonly used methods of loading and unloading, 
respectively, in packinghouses and terminal warehouses that handle apples in pallet loads 
require 9.33 man-hours of labor per 798-box carload (table 56). 


The total costs of loading and unloading the carload of apples on disposable pallets 
were $41.94 (table 57). Of this amount, $30.78 covered the cost of 18 expendable pallets 
and the strapping for 18 pallet loads. In the usual loading operations in pallet plants, 
lumber for stripping and bracing the load amounts to about $5.00. Total costs for loading 


and unloading are $20.24 per 798-box carload. Thus, handling shipments on pallets increased | 


handling costs $21.70 per carload or roughly 107 percent. 


If it were possible to place the fruit on the disposable pallets as it is segregated, 
there would be additional advantages to the shipper in using disposable pallets as the 
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Table 56.--Labor required for a 3-man crew to move 798 packed boxes of apples (1 carload) out of 
storage and load a refrigerator car in a divided, braced and stripped load; and for a 
Z-men orew to unload the car and place the fruit in storage by pallets, fork-lift 
trucks, and pallet dollies when pallet loads are broken down for loading and 
rebuilt for handling and storage at the terminal i/ 


s :Productive: Wait : Total 
Operation , Workers, time co ame 3° Tabor 
:Number :Man-hours Man-hours Man-hours 
At packinghouse: 2/ : : 
Setup and cleanup. . . « « «se ee oe ee we we we eo wo wo ee 2 3 : O27 0.12 0.39 
Pick up 0-box load by forkelift truok ......e+..: 1 2: e612 00 12 
Transport 110 feet to refrigerator car doorway ...-..-: 1 : 0 20 oO 
Release unit load on dolly in car. . » 2c 2e.e0oceeeec: 1 015 299 Lely 
Push loaded dolly to stacking point and remove empty 


palleta from car. 4 0 0 v6 #8 6.6 6s 616s 2 ee we 6 fS oO <0 Ane) 
Stack boxes in refrigerator car... +... -++e-+«-.+-+ee: 2 : 1,88 206 1.9) 
Strip every 2d tier of boxes in refrigerator car . .. o : 2 : 099 rie) oY 
Brace doorway. « «2. «ee 2 ee we we we ow ew wo ww 8 i oJ1 00 Jl 
Total man-hours per 1,900 boxes . ». . + «26 6 s+ ee: 2 : S5el 1.17 6.29 
At terminal market: 2/ : 

Open car door, remove bracing, placing and removing : : 

bridge plate,and close door . ..o...e+s«-s.ce2.eeee: 2 085 042 1.27 


3 
Stack boxes from refrigerator oar onto pallets .....6: 2 =: lel 0 1.)43 
Remove stripping from every other tier of boxes. , ... 2 : Pie e) 00 099 
Place pallets on pallet dolly and push }0=box pallet 


Be. 


load and dolly to doorway of car. . . + »« «+e «+eee: 2 ; 033 ae) 033 
Pick up O=box pallet load at doorway by fork-lift : : 
truck . 2 2 © 6 © © © © © © © © © © oe eo eo ow oo ew 1 i 208 280 88 
Transport 100 feet to storage point by fork-lift truck . : 1? ag 038 me) 038 
Release )0-box pallet load at storage point by fork- 3 $ 
ETE Gl tb RUOKien uate! op v7 ter erutep ole. .-o0 Veale che: er Wal ol lie Letina meen ce al H 012 Pi8) 12 
Total man-hours per 1,000 boxes .....-+ cco ecece - : 4.18 1.22 5/40 
Total man-hours per 1,000 boxes at both locations .. : : 9.30 2.39 11.69 


Total man-hours per 798 boxes (1 carload) at both : 
LOG ALTON aot oie: te Werke) “eis e wetde “e) ce ce cue 8 ict 7 - - 9035 


i/ Labor requirements shown do not cover blocking-out and manifesting loads. 
ef All standard data shown for specified operations are on a 1,000-box basis. 


expense of loading the pallets in the carloading operation could be avoided and some costs 
in the warehousing operation could be reduced. If grower lots of fruit were large, permanent 
segregation by sizes and grades on pallets would be practical. For smaller lots, however, 
there would be insufficient fruit of one size or grade to make very many pallet loads, 
necessitating placing tag ends of some sizes and grades on mixed pallets. It is doubtful 
whether this loading would in many cases correspond with sel!:ng manifests. 


Conclusions and Recommendations 


Because of the additional cost, the difficulty of segregating fruit onto disposable 
pallets at the end of the packing line, and the problems of selling in preblocked pallet 
loads, it does not appear practicable to load cars at shipping points with disposable pallets. 
However, if future research at the terminal market indicates sufficient advantage for the 
receiver so that he would be willing to defray some of the expense at shipping points, 
reconsideration of this method of loading cars would be in order. 
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Table 57.—-Comparative labor, equipment, and other costs for moving 798 packed boxes of apples out of 
storage and loading refrigerator cars at the packingplant and for unloading and placing them in 
storage in a warehouse at a terminal market by use of 2 specified methods which 
employ fork-lift trucks, pallets, expendable pallets, pallet dollies, and 
clamp-type 2-wheel hand trucks 1/ 


Bever an ey pean *Labor, equipment, and other costs 
So OQUETCO Pia ci o5 ee 2a io ie 


Equipment * Total : ; 2 
time ‘labor 


Method 5 


Equipment: Labor : Other : Total 


:Machine—hours Man-hours: Dollars Dollars Dollars Dollars 


Fork-lift truck, pallets, and pallet dolly. 

Pallet loads broken down and boxes loaded : 

individually. Pallet loads rebuilt at : : 

terminal. Load is divided, braced, and : : 

stripped). Gis). 4S 4 4 6 eh eue sobs 2 2/85. 2 9.33 : 4.08 11.16 4/ 5.00 20.24 


Fork-Lift truck, expendable pallets, clamp- 
type 2-wheel hand truck. Eighteen 36—box 
pallet loads loaded into car as units. : G 
150 boxes handled individually ....... : 3/ 2.36 6.80 ; 3.10 8.06 5/30.78 41.94 


o 


oo es 


1/ Labor and equipment costs do not cover blocking-out and manifesting. 

2/ 4,000-pound capacity electric fork-lift truck 1.00 machine-hour, 16.6 pallets (40- by 48-inch) 
1.00 machine-hour, pallet dolly 3.21 machine-hours; total 5.21 machine-hours. 

3/ 4,000-pound capacity electric fork-lift truck 1.35 machine-hours, clamp-type 2-wheel hand truck 
1.01 machine-hours; total 2.36 machine-hours. Expendable pallets included under other costs. 

Lumber for stripping and bracing car. 

5/ Includes 18 expendable pallets at $1.05 each plus an estimated cost of $0.66 per pallet for 

strapping. 
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APPENDIX 


Computation of Labor and Equipment Requirements 
and Their Costs 


In the following tabulations of standard data, base time comprises the 
leveled time for performing given work. Base time data were obtained 
through time studies of actual operations. The base time adjusted for 
fatigue allowance becomes the productive time. A tabulation showing fatigue 
allowance is included. 


No allowance was made in these data for the personal needs of workers, 
as most Washington State apple houses allow two 15-minute rest periods during 
each 8-hour day. However, to make these data comparable to productive time 
data in which a personal allowance is made, an adjustment of 6.7 percent 
(0.5 hour divided by 7.5 hours) should be made in the base time shown. 


When productive times for all operations comprising a cycle or group 
of operations are totaled and combined with appropriate unproductive times, 
total labor requirements are obtained. Wait time, or unproductive time, 
comprises the following classes of unavoidable delays: (1) Crew inter- 
ference; (2) machine regulated wait time; (3) lack of balance within crews; 
(4) job regulated wait time; (5) waiting for other créws; and (6) changing 
jobs. As this report is limited to analyses of methods on a 1,000-box 
basis for specific operations, only the first three classes of wait time 
are applicable. 


Crew intereference results when several workers engaged in a common 
operation interfere or get in the way of each other. Machine regulated 
wait time results from equipment or machines that are being operated at 
full capacity and that require constant attendance but do not provide suffi- 
cient productive work to keep the attendant fully occupied. Such wait time 
occurs in short cycles interspersed with productive time. lack of crew 
balance wait time results from differences in productive time for the 
various participants in an identified operation. 


In this report, labor and equipment costs for performing identified 
cycles or groups of fruit~handling operations by use of specified methods 
and types of equipment have been computed. These costs provide a basis 
for comparing the relative efficiency of different methods and types of 
equipment under variable conditions. They were computed because valid 
comparisons cannot be made solely on the basis of physical labor and equip- 
ment inputs. That is, man-hours of labor and machine-hours of equipment 
use cannot be totaled as a basis for making comparisons. Nor can valid 
comparisons be made solely on the basis of labor requirements, unless 
equipment costs are constant. 


labor costs shown in these computations are based on the productive 
time required to perform the operation, plus the wait time inherent in 
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the method. The amount of time lost by workers in changing jobs, waiting 
for trucks to arrive for unloading, and other idle time not inherent in 
the method, is not included in these costs. As unproductive time may, in 
some instances, account for as much as 50 percent of the total labor 
employed in a plant, the inclusion of unproductive time, not inherent in 
the method, would destroy the cost relationships. 


Moreover, because of the variability of management and facility costs 
between plants of the same capacity and output, these costs have not been 
included in the costs shown for performing fruit-handling operations by 
use of different methods and types of equipment. Therefore, the cost 
data shown do not reflect total costs to the plant and should not be used 
by plant managers for budgetary purposes. However, in plants that allo- 
cate labor and equipment costs to various operations, these costs might 
serve as desirable goals to be attained in achieving cost reductions. 


The costs incurred when materlals-handling equipment is used in fruit 
handling can be grouped into two major categories: (1) Ownership costs, 
which are considered to be fixed or relatively stable from year to year 
over a wide range of equipment use; and (2) operational costs, which are 
variable and fluctuate in direct relationship with the hours of use of 


the equipment. 


Equipment ownership costs include depreciation, taxes, interest, and 
insurance, When equipment is’ purchased, the owners are entitled to recover 
the purchase price of the equipment and accessories by the time it reaches 
the end of its economic life, This useful life, in years, varies for 
different types of materials-handling equipment and the use to which it 
is put. For purposes of straight line depreciation, the method used in 
this study to obtain the annual rate of depreciation was to divide the 
total cost of equipment by the number of years of its estimated life. 

State and municipal taxes, interest en the capital invested, and insurance 
premiums covering fire, disaster, and other forms of protection applicable 
to the materials-handling equipment, are the other items that round out the 
ownership costs, and are paid on an annual basis regardless of hours of use. 


Costs of operation computed in this study for internal-combustion and 
electrical equipment include fuel, oil, electricity, maintenance, repairs, 
overhauling, inspection, servicing, and depreciation. Even when equipment 
is not used for extended periods, some wasting of the equipment is incurred 
in the form of deterioration of such parts as tires, hose connections, and 
batteries, and this factor is recognized in the depreciation rate. 


Total hourly costs of ownership and operation of specified types of 
materials-handling equipment are shown in table 58. These hourly cost 
rates are based on assumed hours of annual use and other factors. Plants 
in which the actual annual hours of use of a specified type of equipment 
exceed the assumed hours of use probably would incur lower average hourly 
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Table 58,--Estimated oosts of ownership and operation of specified types of materials-handling equipment in apple packing and storage plants, Washington State, 1952 V/ 


1 Cost of 1 
H = : Assumed Costiiof ‘onmership, 3/ operation : Total 
Type of equipment ; Amount of , Replacement . = annual : ri : soost per 
; equipment , coat 2/ use : Por year: Per hour : Per hour : hour 
> Unit > Dollars > Hours : Dollars Dollars : Dollars : Dollars 
Clamp-type 2-wheel hend trucks 2... se eee te eee wee we et eee et one : 7Ty.10 : 400 5 0.017 « 0.007 0.02) 
Belt conveyor, , .. 2. ee ee eee ate: eyhas fe! chat 100 feet : 1,593.37 + 200 7h ‘ +09 1 83 
Roller conveyor. «4 «+ ee see Sin eave, Yells oe 100 feet : 492.25: 200 2275 : 2005 ¢ 28 
Portable mechanical lift h/. . 1. see ee ee ee eee : one : 680.00 : 300 lB : 16 6s £59 
Industrial clamp truok (800-pound capacity--gasoline powered--12-box load) . . : one 2 1,152.00 +s 250 67 5 225 £ 92 
Elevator for movement between floors 5/. Silas ib tuy all by tm: Si cmitiey sete: a. fe, Sor‘; Soa. E one s 13,375.00 : 4,00 ‘ BolT : Ol 3.21 
Hydraulio device to stabilize road truck 6/. Spire ie, tei pa? (elie. al avta.'sby «ey ta! 6) Gaal Pa one . 1,150.00 +s 150 ‘ 86 2 206 t 92 
Nonhydraulio device to stabilize road truck bed vy Oye e082 e0-6 “s. ie ew ee 8 f one 3 50.00 : 150 oh ‘ - 1 oh 
Industrial clamp-lift truok (1,000-pound oapasacity--gasoline powered--2-box 3 3 ' 3 
Moud)!'4) 6.903) @iey)s> ce) ce, \etire: ce: de) 6) lapel leet .eiha? w ce Bee) 6) 6 ey oune) a) eo Ue £ one : 3,032.00 =: 400 1.10 ' 253, + 1.63 
Industrial olamp-lift truok (1,000-pound : : : t : 
battery oharger...... aire natiel so lelriad iste: ieee leis say ie a) wirsiter aye : one each : 4,493.00 : 400 1 1.23 3 :6/ 19 : 1el2 
Industrial olamp-lift truok (2, 000-pound : : : Ti : 
GGG) iemcat a! velacscas cailaatal ailets ei estis:, Jeu faLcah oY Gib: ia) aaipay a0 o) hye fainey (016s sca) ual se) ass one : 3,560.90 : 00 1.299 53 8: 1.82 
Industrial olamp-lift truck (2,000-pound 2 : : 
battery charger . 2 2 ee ee ce eee ee ew : one each : 6,064.00 : 4,00 1.67 19 =: 1.36 
Industrial fork-lift trick (2,000-pound oapacity--gasoline powered--36-box £ : : t 
hae ec er re er : one : 3,033.00 ; 00 1.10 53: 1.63 
Industrial fork-lift truok (2,090-pound capacity--electric--36-box load) 9, of : : 
and battery charger « 0s 0.085 8 6 ee ws -» = one each ; 5,537.00 : 00 1.54 019 t+ «(1673 
Industrial fork-lift truok (),,000-pound oapacity-<paséline Bowersdeciecbax : : ‘ 
MOR): 15! 9: fois) orga, ait) votre, <6, 1), ce! 0 aris) fe bile ie? fa Welrey, @ (eisee fel gi ww ah) syle é one > 4,042.00 : hoo 1.46 6h + 2.10 
Industrial fork- viet truck (/,,000-pound capaoity--eleotric--);8-box load) and ’ t 
battery charger . . 6 2 2 ee eee ee ee ew eet we ew ee ee ee oe « = one each ; 7 5274200: 3 400 2.02 226 + 2.28 
Industrial trailer (36~ by 72-inch). . + se ee ee eee eee mew ne Soar one : 114.00 : 267 206 01 207 
Industrial tractor (2,500-pound draw bar pull--gasoline powered) ....... : one : 3,000.00 : 400 1.09 725 1 1634 
Dunnage strips used between industrial olamp truck unit loads to stabilize 3 3 : 5 
stacks in storage (2-box loads--2-loads high), 1- by 4- by 2-inoh strips Ia. 6 board: : : : ‘ 
for 1,000 boxes at $50 per 1,000 board feet . 2. ee ee ee ee we we ee Ft feet : 2.08 1: 10/ 4.69 : 251 ou A - 5 ell 
Pallets--36-box (36- by 0-inoh) : ‘ : : 7 : : 
Pallets for 1,000 boxes at 32.80 per pallet... ... se eee tet eh ia jaca: ae 27.8 : 77.84 : 10o/ 7h : 8.70 1.83 : 1y/ 10 + 1.93 
Palletsa=-),8-box (l0- by 18-inch) + ‘ : : : : : 
Pallets for 1,000 boxes at $3.00 per pallet... . sees ever nae »# 2008 ; 62.70 : 10/ 3.64 : 7002 1.92 :11f .10 : 2.02 
Pallet dolly for loading out... 22 2 ees ee eee eee eee ere ee es 2 one : 42.85 : 200 s 10.50 2055 t 2005 1 +06 


3 5 : 


a/ See Appendix of USDA Marketing Researoh Report No. 49, "Apple Handling Methods and Equipment in Paoific Northwost Packing and Storage Houses," for data used 
din preparing cost summaries, 

ey Total replacement cost f. 0. be Washington State points. 

2, Inoludes interest on investment at 5 percent, allowance for taxes and insurances at 2 peroent, and depreciation. 

L/ Used for high piling and breaking out hizh-piled boxes of apples. 

5/ Capacity 8,000 pounds, 4O-foot lift, platform 8 by 10 feet. 

Hydraulic device that holds truok bed against projection of platform, eliminates spring aotion of truok, and permits industrial equipment to operate on the 

truck bed. 

hi Devioe consists of metal frame wedge projeoting from the loading dook. As truok is baoked up, the metal frame prys the end of truck bed to an even height 
with dook platform which allows industrial truck to operate on bed of road truok. (Device usually operates properly only with the road truoks for whioh it is made.) 

8 Cost data not available; interpolations made from cost data on 2,000-pound capacity eleotrio-lift trucks. 

oy Reoently there has been a trend toward the use of the ,,000-pound capacity fork-lift truok in 36-box pallet plants whioh tier 3-pallets high, because extra 
lift heizht is needed above that provided by a standard 2,000-pound model. The additional coset of about $100 for the ),000-pound as compared with the cost of the 
3,,000-pound model makes the shift to 4,,000-pound truoks worthwhile to most operators. 

10, Estimated annual hours of use determined by computing the time pallets or dunnage strips are involved in handling operations, based on the man-hours of labor 
required per 1,000 boxes in all groups or oyoles of handling operations. (Storage time not inoluded.) Allocations to groups of operations follow: 


Packing Storage to Misoellaneous 
Reoeiving at Storage to lines to shipping out (culls, empty boxes, Total per 1,000 boxes 
storage packing line storage point eto.) for all operations 
Man-hours Man-hours Man-hours fan-hours Man-hours Man-hours 
Dunnage strips 1.04 1.13 1.48 1.04 - 4.69 
36—box pallets ss 2-2 2 2 72 78 85 81 1.58 4.7 
\yB-box pallet. ..... see ee +55 62 63 +63 1.21 3.64 


11/ Inoludes maintenance cost only at 25 cents per pallet over a life of 15 years. 


costs than those shown in table 58. Conversely, plants in which annual 
usage of a machine falls below the assumed hours of use probably would 
incur higher average hourly costs. 


Equipment inputs for all methods discussed are shown in terms of 
"machine-hours" for each type of equipment employed. Equipment costs can 
therefore be recomputed by any plant operator at any future time by sub- 
stituting his own equipment costs for those used in this report. 


Description of Standard Data on labor Requirements 


The man-hours of labor required to perform specific handling 
operations were determined to facilitate the comparison of alternative 
handling methods. Labor requirements can be developed for almost any 
level of worker activity whether it be for the mere grasping of a box or 
for the entire process of storing apples. The criterion used in delineating 
the level of activity for which labor requirement data were developed was 
entirely one of utility for the purpose at hand. In this study it was 
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desired to compare existing handling methods under comparable conditions 
of plant size and layout, to develop improved methods of materials han- 
dling, and to evaluate the improved methods in terms of current practice. 
Therefore, labor requirement data were developed for specific operations 
which could be conveniently pieced together in alternative operational 
patterns. 


In general, the labor requirement values reported apply to a given 
piece of work done by an individual worker or crew of workers in a series 
of coordinated and uninterrupted movements. Exceptions to this general 
rule occurs when the time for performing part of a coordinated operation 
varies with some factor, such as plant layout or distance, and the balance 
of time required is independent. For example, the function of moving a 
product is divided into three parts: Pickup, transport, and release. 
Pickup and release occur under different degrees of congestion which in- 
fluence the labor required, and the distance moved has a direct effect on 
the transport time. Thus, breaking the function of move into three parts 
facilitates the use of the data in a wide variety of circumstances. 


Labor requirement data have been determined for specific operations 
which fall into the following general classifications: (1) Setup; 
(2) cleanup; (3) place on or remove from conveyors; (4) pickup or release 
load; (5) transport load; (6) high-pile or break out boxes; and (7) load 
trucks or railroad cars. 


Setup 


Preparatory to unloading a road truck or orchard trailer and to 
loading railroad cars, there are a number of miscellaneous operations 
which grouped together are called setup. These operations are grouped 
because no particular purpose would be served in determining labor require- 
ments for all the individual operations which occur only once or a few 
times in the process of loading or unloading a highway truck or refrigerator 
car. The labor requirements for setup vary with the type of equipment 
employed, as well as with the type and capacity of truck or car involved, 


In unloading, setup begins when the workers walk to the load and 
start preparing it for unloading by removing tie ropes or tailgates, and 
setup ends when the first boxes are grasped for unloading. It includes 
such operations as handling and placing bridge plates, moving handling 
equipment into position, and carrying out all other operations essential 
to preparing for unloading by the described equipment or method. In 
loading, setup begins with opening the car doors or with moving equipment 
into place whichever occurs first and includes the placing of bridge plates 
or conveyors and carrying out other operations essential to the method 
It ends when the first boxes are grasped for loading. 
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Cleanup 


After a road truck or orchard trailer has been unloaded or a railroad 
car loaded, a number of miscellaneous operations, which are repetitive 
only for each truck or carload, remain to be done. These are all grouped 
together in one labor requirement value called cleanup. In unloading, the 
cleanup operation begins when the last stack of boxes has been cleared 
from the truck or trailer bed and ends when the truck is ready to be moved 
from the unloading platform or when the handling equipment has been stored 
away. Other operations common to cleanup are removing and storing bridge 
plates or conveyors; replacing V-boards, endgates, and ropes on the truck 
bed; and walking to the truck cab. The particular operations included 
depend on the type of conveyance and materials-handling equipment employed 
in unloading. After loading railroad cars the cleanup operation starts 
with removal of the bridge plate and ends with the storage of handling 
equipment or with the closing of the car doors. 


Place _on or Remove from Conveyors 


Conveyors are used extensively im apple storage houses and packinghouses. 
The labor requirements for the various operations involving the use of 
conveyors consist of the time it takes to pick up the boxes in the 
position found, place them on the conveyor, and release them, When 
loading or unloading is done on conveyors the operation begins when the 
first box is grasped and ends when the last box is placed on the conveyor. 
In some instances the speed of the conveyor regulates the labor require— 
ments but in most cases conveyor capacity is great enough so that speed 
is not the controlling factor. 


Pickup or Release 


Pickup and release are done in conjunction with transport to move 
fruit and other materials into, within, and out of apple houses. Separate 
man-labor requirements were determined for them because the time required 
to pickup or release is not related to the time required to transport a 
given distance, but rather depends on the congestion of the area and the 
equipment used. Pickup begins with the start of mameuvering to pick up a 
load or when the forks, clamps, or arms of the equipment pass the front 
of the load. Pickup consists of positioning the-forks, clamps, or arms 
of the materials—handling equipment; setting the - »mps; picking up, or, 
in the case of industrial trucks, lifting the loae, and moving a short 
distance in the direction of the travel. At this point the operation 
called transport begins. Release begins when transport ends and consists 
of maneuvering the load into position, releasing the clamps, or, in the 
case of industrial trucks, lowering the load. This operation ends when 
the forks, clamps, or arms of the materials-handling equipment have moved 
free of the load. 


BEN > Yarns 


Transport 


The operation transport begins as soon as the worker with a hand 
truck or an industrial truck is in position to move or when the load 
has cleared its original position, and the operation ends when the worker 
with the hand or industrial truck reaches the release point and starts to 
maneuver for the purpose of releasing the load. Transport includes com 
pleting the necessary turn of the equipment in the direction of travel 
toward the release point and traveling from pickup point to release 
point including any and all turns en route. The labor required for 
returning empty with transportation equipment is combined with that 
required to move the load so that the labor requirements for transport 
apply to a round-trip cycle. This combination was made in the interest 
of simplification. All reported distances are given in terms of feet 
between pickup and release points. The same practice was followed in 
reporting labor requirements for elevator transport operations. That 
is, the time reported is for round trips while the distance reported 
is in terms of feet elevated, 


High-Pile or Break—Out Boxes 


Unpacked boxes of apples are transported in 6—box-high units and 
packed boxes in 5—-box-high units. In the storage room the boxes 
commonly are highepiled in stacks 9 to 12 boxes high in conventional 
storages and 10, 12, or 18 high in storages using industrial clamp or 
forklift trucks. Both high-piling and breaking-out boxes from high 
piles are done mamally or by mechanical equipment. The labor ~equired 
for high-piling is expressed in terms of 1,0C0 boxes placed in storage 
rather than in terms of 1,000 boxes high-piled. Thus, the labor required 
per 1,000 boxes when stacked 12 high applies only to the time required 
to handle the 500 boxes which are high-piled. The same method of reporting 
labor requirements is used for breaking boxes out of high piles. 


The time required to high-pile or to break-out boxes begins when 
equipment is moved into position for this operation or in the case of 
manual high=-piling when the first box is handled, and the time ends 
when equipment is removed from the scene of activity or when the last 
box is handled. All avoidable deleys in the work caused by any inter 
ference, such as waiting for other crews, are eliminated from the labor 
required to perform high=-piling or breaking-out boxes from high piles. 


Trucks er 8 


Some of the miscellaneous operations performed in loading-out apples do 
not directly involve the handling of boxes. The time required te load 
1,000 boxes depends, in many instances, on the number of packages placed 
in a particular load. Refrigerator cars usually are leaded with 

798 boxes but range in leads from 756 te 840 boxes per car. Highway 
trucks average 700 boxes per load with a 600. te 800-bex razge. The 
laber requirements are expressed in terms of man-hours per 1,000 boxes 
loaded regardless ef whether all, none, or some fraction of the boxes 
are handled in a given operaticn. 


Setup and cleanup operations for leading out are the game as those in- 
volved in unloading field trucks or orchard trailers. Setup begins with 
epening the car or truck door and ends when the first boxes are grasped 
for leading. It includes getting equipment from storage, moving it into 
position, and placing bridge plates or conveyors in pesitien. Cleanup 
begins with the removal of bridge plates or leading conveyors and ends 
with the closing and scaling of the car doors. It includes the storing 
of equipment. 


Pickup and moving of boxes to the railroad care or highway trucks require 
the same man-hour labor as do these operations in ether intraplant trane- 
portation, but the release operation requires more man-hour labor than 

that normally experienced within the plant. The labor requirements for 

the various operations in ecarloading are reperted in such a way that the 
overall labor requirements for different combinations of operations can 

be determined. During leading, the stacks of boxes in the cars are stripped 
to prevent shifting of the lead. Every second or third tier of boxes ia 
stripped. After the ends of the care are filled, the doorway may be filled 
in with boxes or with braces. 


Fatigue ewance 


The following allowances were made for fatigue in computing the productive 
time shown under the headings that follow: 


Fatigue allowance 

Job Percent of base tine 
Manual stacking of boxes on or off orchard 
trailers and road trucks ......+..-evvcsece 20 
Handling empty pallets .....ce-o-ecceco eo 20 
Jacking stacks of boxes into pesition on pallets 
ina veilroad car . 0.606 totes 6 eo 10 
Manual unloading ef boxes from orchard trailers 
and read trucks to belt conveyor and pallets or 
hand! stacking loads for a hand truck ..... . 20 
Manual stacking of boxes on or off a belt conveyor 20 


ye 


Job 


Fatigue all 
Percent of base time 


Manual high-piling 10, 11, or 12 high. ...... 
Manual highepiling 9 high . . . . «0. « 0 © © «© © e 
Manual breaking-out high-piled boxes from 10-, lle, 


or l2ehigh stacka ..... 
stacks e @ e @ e e @ ®@ @ @ @ e @ e @ e e@ @ @ 


Operating a mechanical high-piler in high-piling 


or breaking-down high=piled boxes. .... . 
Manual stacking of boxes in loading out... 
Manual stripping of a carload with lath... 
Hand=-trucking boxes of apples or empty boxes. 
Moving fruit by industrial forklift truck er 

industrial clamp truck... ...-«-ceee 


® @ @ e 


Manual breaking-ouvt high-piled boxes. from 9-high 


25 


of Apbles by Current Methods . 
Base Fatigue 
time allowance 
Man-hours Man-hourg 
et el for unl xs 
of apples from road trucks bys 
Hand trucks: 


Setup @ C) e e e @ @ e @ @ 6 @ e @ 0.07 
Cleanup eo e@©ee 8 @ © © @ © @ @ @ 205 
fotal @ ® @ e e @ @ @ fd e e e e 212 
Hand trucks and conveyors: 
Setup @ @ e e @ @ @ e@ @ @ e @ e@ @ 09 
Cleamup ® @ @ @ e @ ® @ e @ © e @ 
Total ® @ @ @ @ @ @ @ @ e @ @ @ 216 
Industrial=-clamp truck: 
e 2 @ e e @ @ @ eo e e@ ° 09 
CLOAHUD:.:-{c-. Ss ee os 3 ees 06 
e @ e e e e e @ e @ e @ ealld 
Forkelift truck palletized: 
SOUUD 61s © « Sele be we 6% -08 
205 
13 


Cleanup @ @ e e @ @ @ @ @ ® @ e e 
Total e e eo e e e e@ e e@ e ° e e 


Preductive 
Man-heurs 


t. 


0.12 


= 95 = 


Fork-lift truck palletized 
(cross=-tied lead): 


Setup e @ e e e@ @ @ @ @ e e @ e e 


Cleamuip @ e @ @ e ® @ @ @ e ® @ e 
Total e e e e e@ @ e @ e e @ e e 


setup and cleanup for unloading boxes 
of apples from o trailer 3 


Hand trucks: 
SOUUD ove.) ls see 10! & 
CGleamp ..< «+ és. + 0 # @'« 
TOUR) ye > ous a. ew Ce a 

Hand trucks and cenveyors: 
Setup . 5 s. 44-6 6 4 we ers 
GL@RMID v6. io. r6.56)e a eee e. % 
RO CRD er us: Goria (oe: da oa Mat 

Industrialeclamp truck: 
SOtup . 6 se 4 ee 6 we S68 
Gleenen os 6< «So. os ee 
LOCA 2d me Se a a Eve 

Ferk-lift truck with pallets 


@ 


e 


posi- 
tioned mamally (unpalletised load): 


Setup e@ e @ e ® 6 e eee e e @ @ e 


Cleanup @ @ e @ @ e ® e @ @ @ e@ @ 
Total e @ e@ e @ @ @ @ @ e @ e@ e 


Fork-lift truck positions pallets on 


apron (unpalletised lead): 


Setup @ @ @ e @ @ @ @ @ e@ e ® @ @ 
Cleamp e@ e e @ @ e @ e e @ °e @ @ 
Total @ e e e e e@ e e @ @ @eo e 


Fork-lift truck pesitiens pallete on 


Base 
time 
Men-hours 


apron (4 of trailer load palletised): 


Setup e @ @ @ @ @ @ eS e @ @ ® e @ 
Cleanup @ ® @ @ @ e @ @ @ @ e @ @ 
Total @ @ e @ @ @ @ © @ @ @ 


Forkelift truck (completely pale 
letized lead): 


SOUNDS. ca con eve Ne ele 0S 
GLOGHND 5. cc 6 wR oe a 8 eS 
TOUS fo) 6) eee. bree 


Fatigue Productive 
allowance time 


Man-hours _Man-hours 


« 0.20 
= .10 
= 10 
@ 10 
= 2h, 
- ol? 
= LO 
@ ss 


- 76 = 


Base Fatigue Preductive 
time allowance tine 
Man-hours Manehours Man-hours 


Unload boxes of apples from road trucks: 


Manually remove bexes and place on 
belt conveyors 

leman Crew i) @ @ e @e @ ® e 6 eo @ t) 6 uf 22 

COMA CTOW wc ec 6 st ce ew cee «6UCL 226 1.54 
Hand-stack boxes en pallets on platferm 2 43 


Unload boxes of apples from orchard 


trailers: 
Manually remeve bexes and place them 
on belt conveyor . . 1... se es 6 « 1,18 2h, 1.42 
Build 6-high stacks on trailer bed. . ST 19 1.16 
Handegtack boxes on pallets on apron: 
Unpalletised leads. . .. 2... -. 1.49 30 1.79 
Partially palletized leads. .... 084 Peles 1.01 
en conveyors tron stacks alongside 
conveyor: 
Singlej=row stacks . . . . . « 0 © © -90 18 1.08 
Doublewrew stacks . . . . 2.» © 0 o 1.10 a2 1.32 
Pallet leads: 
Handle boxes. . 2... see eee e 1.30 226 1.56 
Handle pallets (36-bex) . ..... 09 .02 ll 
Handle pallets (48-box) . ..... 07 -O1 08 


y_ remove unpacked boxes of 


- apples from conveyers and stack then 
alongside conveyor: 


Singleserow .. sce sccscevsee 1.13 23 1.36 
Deuble=row . . 1. «co 22 0 6 © © ec 1 26 


Singlej-row stacks . . 2... 2 2.o.ee 94 oL9 1. 
Doublejrew stacks ......+eece 1.05 al 1 
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Base Fatigue Productive 
time allowance time 
Man-hours Man-hours _Man-heurs 


remove packed boxes of apples 
from conveyor and segregate: 


BOY 4 SUBGCKS  < .c 6s Go Sw ee 8 1.56 0.31 1.87 
5 to 8 stacks .. 0... 2 we we wwe 1.91 38 2.29 
9 or more stacks. . . . 2. 0 1 eo 0 0 2.19 44 2.63 
4 or 5 pallets. .... 2. ee cece 2.27 45 2.72 
Manually high-piles 
6ehigh to 9-high stacks (2 men)== 
333 boxes handled. . . . 1... 1.37 4 | 1.64 
6ehigh to 10-high stacks (2 men)—<= 
400 boxes handled. . . . 2... © « e 1.64 41 2,05 
6ehigh to 12-high stacks (2 men)— 
500 bexes handled. ® @ e e@ @ @ e @ @ 2.21 o5T 2.84 
Manually break-out of high piles: 
9-high to 6-high stacks (1 man)-= 
333 bexes handled. . .... coco. 83 ola 095 
l0=high te 6—high stacks (2 men)== 
400 boxes handled. . . . 1... «se 1.46 029 1.75 
10shigh te 4-high stacks using reller 
conveyor (2 men)--600 bexes handled. 1. 322 1.33 
l2-high te 6-high stacks (2 men)== 
500 boxes handled, . . . 2. 2. eo « « 2.02 40 2.42 
Mechanically high-pile with portable ee 
lifts . 
6ehigh te Qehigh stacks=-=333 boxes 
handled: 
Single stack. . . 2... 1620 6 © 0 © © 1.13 yal 1.24 
Double stack. . . 2. 2. 2 0 0 © © 0 e 97 LO 1.07 
6-high to 10—high stacks—-400 boxes 
handled: 
Single stack. . ....-«e-ceece 094 09 1.03 
Double stack. . . . 1. 2 2 0 © © © 89 .09 98 
6ehigh te lle or 1l2ehigh stacks—= 
455 or 500 boxes handled: 
Single stack. . . 1... 2 0 © © © 85 08 93 
Double stack. . .. 2. 2 0 6 0 «© © « 81 08 ‘ 


Base Fatigue Productive 
time _ allowance tle 


Man-hours Man-hours _Man-hours 


Mechanically break-out of high piles 
with portable lifts 


Q-high to 6-high stacks--333 boxes 


handled: 
Single stack. e @ @ @ @ e@ @ e@ e® e@ 1.02 0.10 1.12 
Deuble stack. es e e @ e@ e e e @ °e 075 08 83 
10-high to 6-high stacks-—-400 boxes 
handled: 
Single stack. ® @ e@ e e ® @ @ @ e Pe if | 038 85 
Double stack. . . . . « «co -eee Al 05 52 
lie or 12-high to 6<high stacks—- 
455 or 500 boxes handled: 
Single stack. e@ e@ ® e @ e e e e e 10 O07 ott 
Double stack. . . . «. « « © © © e 43 O04 47 
etup and c or lea 
cars; 
Hand truckes 
SOLUD . 4.4 6 © e466 6 es eS 16 
CLOAMUD: «5 62450 ans. 1 ere ws 206 
TOCAL ~. <c Si bias ee el ee eke ae 222 @e a2 
Belt conveyer: 
Setup e @ e @ e @ @ @ e e @ @ e e oL6 
TOUOL co ¢ a) 4cha oe ac lad eee oat = oak 
Forkelift trucks: | 
Setup @ @ @ @ @ @ e@ @ @ @ e e e @ 18 
CLORIRID 4: oc e,.4: Ss ee 4S ee 207 
TOUR) io: we Sele a eee ae 225 -= 25 | 
Bleck-out for loading: | 
| 
Hand: GIUCK 5.45% soe o aah ee - - 3.58 | 
Industrial forkelift truck. .... = a 095 | 
Industrial-clamp truck. eo ee @ © - - 1.79 
Manifest load: 
mech bex...d «6.42 Se se So - = 45 


Bach stack. 4% 4.4°s 6 6 «8 © & @ =e = 10 


= 19) = 
Base Fatigue Productive 
time ellewance time 
Man-heurs Man-hourg _Man-hours 


Load in railroad cars: 


Release 6-high stacks by hand truck. . 0.50 0.05 0.55 
Manually load boxes placed by hand 

TEOCK ES ere eo oe:, oes Se ace. @, oS 1.43 «28 1.71 
Release 5—high stacks by hand 

truck for jacking . .....-eeec ~78 06 ~86 
Position stacks by box jack. .... .~ 1.06 oil 1.17 
Manually lead from belt conveyor... 1.19 o2h 1.43 


Transfer boxes from belt conveyor 
to roller conveyor and transport 


ENUO! COPS 6 <a s).6. 6 6 Gee sw 1.04 10 1.14 
Release leaded pallet on roller 

conveyor: 

30mbox load. . . « «ee eo e wp eo wo 07 4 O07 

40mebox load. . 1. 2 6 2 ee ee eo -06 © 06 
Manualjy lead boxes from pallets... 1.57 «31 1.88 
Place pallet lead on doliy with 

forkelift trucks 

30@box pallet. . . 1. 2 6 0 2 eo eo 18 01 ol9 

Push delly and 30=box pallets into 
Place pallet lead on dolly with 

forklift trucks 

AQebox pallet. . . 2... 26 ee 2 oo oL5 .O1 16 

Push dolly and 40=-box pallets into 

ear ° e e @ e e e e@ e e @ e e @ © e 33 O7 40 

Fill doorway with brace. ....... 83 08 91 
Fill doorway with 70 boxes ...... 50 10 60 
Strip stacked bexes in cars 

Strip 3 tierra: & 6 sos 6.4.6.6 <>2-% 90 209 99 

Strip 2 tiers. e e ® @ @ @ e e@ ° @ @ 61 06 07 

Load _ in trailer trucks: 

Release 6-/high stacke by hand trucks . 50 05 055 
Manually load boxes placed by hand 

SEUCKB os <6 16. 60) © have) Svs) eS 62 Bae 1.43 28 1.71 
Manually load boxes frem belt 

CORVOVOTES: . 5 6 6 ous wees. 6 Ste 1.25 025 1.50 
Release leaded pallet en roller 

conveyors 

BOeDOX LOG. 6 6 6 6 G8 6s ee 07 - O07 

AQwbox load. . 2. 1. 6 0 6 oe ew wc .06 - 06 
Manually load bexes from pallets... 1.61 ~32 1.93 
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Base Fatigue Productive 
——time__ allowance _ time _ 
Man-hours Man-hours _Man-hours 


Move _by hand truck--6—-high stacks: 


Pickup load in celd—storage room or 
crowded area... so. os ee eo 0.39 0.04 0.43 
Pickup lead from truck bed or 

relatively crowded area. . .... « 


Pickup lead from open fleer area. . . 223 202 025 
Release lead in storage or crewed 

SPOR sinc s oes a5 te wae os 035 04 039 
Release lead on track bed er 

relatively crowded area. . . «2 « 29 93 032 
Release lead by dumper or in open 

area @ e e @ e ) @ @ 6 e i) @ @ e es @ 2k, O02 226 


Transport load 100 feet by laman crew 

(for different distances adjust pro- 

ductive time by 0.0189 per foot) 

(For 2-man crew, add 0.0012 per foot 

te preductive time fer distances under 

116 feet. For 3— or 4-man crews add 

0.0015 per feet to preductive times fer 

distances under 197 feet), ....-. 1.82 18 2.00 


Meve by hand trucks--5-high stacks: 
Pickup lead in cold-sterage room er 


erewded area eo e@ @ e e e @ e e @ @ e 47 05 52 
Pickup lead from truck bed or rela- 

tively crowled area. . . 2. 2. 1 0 oo 035 ~O4 39 
Pickup load frem open floor area. . . 28 03 o31 
Release load in cold-etorage or 

crowded area . 2. 2 2 oe 0 © © © ec 42 04 46 
Release load on truck bed er rela- 

tively crowded PCB. 2. 2 0 © © © © 035 O04 39 
Release load in epen area. ..... 229 .03 32 


Transport lead 100 feet by leman crew 

(for different distances adjust pro- 

ductive time by 0.0226 per feot) 

(For 2-man crew add 0.0012 per foot 

te productive time fer distances 

under 116 feet. For 3- er 4-man crews 

add 0.0015 per foot to productive times 

for distances under 197 feet). ... 2.18 .22 2.40 
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Base Fatigue Productive 
time eallewance time 
Man-hours Man-hours Man-hours 


Move by industrial-clamp truck-— 
36=bex_ lead: 


Build 6-high stacks on trailer bed from 
3ehigh stacks using industrial-clamp 


CRUCKs 5 (6 oa es See wie) wo ee ee 0.35 0.02 0.37 
Pickup load from orchard trailer bed. . o12 -O1 my I 
Pickup load from epen fleor level... -L0 OL pe fs | 
Pickup lead in coldestorage reom--open 

area high piled (average of 2 tiers) . 10 Ol ee 

Piney, tier. 6-5: 4 4 8 ws OS ee 07 = 07 

Second tier 04 6 @ 4)s eos & ow oS 13 .O1 Lh 

Place boards between tiers. ..... 205 .O1 .06 
Release lead on roller conveyor at 

GUMDOY 4.4. 66 we 6 8 we ie ee ote 8 oL2 OL 13 
Release load in celdestorage room—-open 

area high piled (average of 2 tiers) . il OL ,12 

First ier... 4 6s 6S a5ee S ss .08 == 08 
Second tier... « «24.6 6 ss * © % old -O1 «45 
Remove boards from tiers. . .... . 03 - .03 
Transport lead 100 feet (for different 
distances adjust preductive time by 
0.0025 per foot) .....226 aa -40 .02 42 
Move by industrial-clamp truck—— 
30=box load: 
Pickup load from open floor level .. . 12 -O1 oi2 
Pickup load in cold-storage room-=open 
area high piled (average of 2 tiers) . 12 -O1 13 
Pirst Clers ewe we ee a -08 ~ 08 
second Tier. ..4 6 4 6 8 6 ee ‘4 16 OL Pay 
Place boards between tiers. ..... 06 Ol 07 
Release load on roller conveyer at 

GUID OR 4! snes) Wi ag Gwe 9. ee” Lh Ol 15 
Release load in cold-storage r en 

area high piled (average of 2 tibee) ‘. 13 .O1 14 

BITSl. VLGls ars <a, 6 0s @ G.0e wa 10 Ol il 
SOCONA“T1GP 6s sec 2 tend 4 Sw es ~16 .O1 oL7 
Remove boards from tiers. ..... © -04 = ~04 


Transport load 100 feet (for different 
distances adjust productive time by 
0.0031 per foot) e © © e© © @® @® @® @® ® 49 02 51 


=- 82 = 


Move industrial trucke= 
24-b0x_lead: 


Pickup lead from floor level in 
crowded area . . 1. 1. oe 6 © eo 
Pickup load from truck bed. .... 
Pickup load in celd-storage room— 
crowded area high piled (average 
of 2 tiers). 2 2 6s 6s 6 bw ae 
PIPVSU VIG? ~<a we oS: es ee 
Second tier .......+«.«-«. 
Pickup load in cold-storage room=— 
open area high piled (average of 
Re RSEPS) o. che ty 54. ee needs ose 
First tiers. «4 «i « G6 ee 6 
Second tier . . ....-+-cecee 
Place boards between first and 
second tiers . . ......«eo- 
Release load in crowded area near 
GUMPOTs 4°. # 6: 6% we ee oe 8 
Release load in relatively crowded 
area on flat surface ....:. . 
Release lead in open area near con- 
VOYOUs 2 6s 6s 6% we ee es 
Release lead in cold-storage reom— 
crowded area high piled (average of 
BOtlGrey o ae ase wl ee Ss 
First tier. 2. «mes ss ws 
Second tier . . . . « «co eee. 
Release lead in coldestorage room-— 
epen area high piled (average of 
OP CACVS) | aoe boae se eae Sis 
First tier. «is 6m oe 4.6 4% 
Second tier . .....c-ce«ecee 
Remove boards from tiers. .... . 
Transport lead 100 feet (for 
different distances adjust pre= 
ductive time by 0.0034 per foot) . 


Meve_ by industrial-clamp truck-— 
20=box loads 


Pickup load from truck bed or level 
surface=-epen area . . 2. 2 oo « 

Pickup load from floer level in 
crowded area . . . 1. «6 2 «© eo « 


Base Fatigue Preductive 
__time allowance time 
Man-hours Man-hours _Man-hours 


0.16 0.01 0.17 
mal Ol ola 
57 .03 .60 
28 01 29 
86 O04 90 
622 Ol 23 
112 .01 13 
32 .02 34, 
.07 - .07 
.19 Ol .20 
13 Ol mv 
O07 @ .O7 
039 02 Al 
20 Ol tal 
.58 .03 61 
25 01 £26 
.10 01 ett 
40 02 42 
04 : 04 
5h .03 57 

| 
13 .O1 U 


419 .O1 .20 | 


———SEESaS= 


Base Fatigue Productive 
time allowance tine 
Man-hours Man-hours _Man-hours 


Pickup load in cold-storage room-= 
crowded area high piled (average 


ef 2 tiers). .. . «6% % <8 4-8 0.68 0.03 0.71 
First tier. eee eee © © © @© @ 3h 02 36 
Second tier e e e@ @ e@ e @ @ e @ ° 1 @ 03 @ 05 1 @ os 


Pickup load in celd=-sterage recom 
open area high piled (average of 


2 tiers) @ e e @ e @ @ e@ @ @® @ @ @ Xe) OL 4 | 
Np O of 9 An Fo A) oe a ane ee a ee lh OL oL5 
Second tier . . . 2... +. «ce. 38 02 40 

Place boards between first and 

second tiers . .....-«e-+-+se-e -08 = 08 

Release load in crewded area. ... 023 Ol 2h, 

Release load in relatively crowded 

area on flat surface ....... 16 -O1 17 

Release load in epen area near con= 

VOVOr.. 5.6 6 ow oe 5 5 OS OS 08 - 08 


Release load in cold-sterage rees-= 
crowded area high piled (average 


Gfre tiers). kk oie @ ae ee 47 .02 49 
First tier. . .6 66s 6 ss 6 6 02h -O1 025 
Second tier... . 2.2. 06 ee ee 10 oO4 1h 

Release load in coldestorage room—— 

open area high piled (average of 

Re CAOLS) oie eos Se. Se ee ek, ae 30 02 °32 
PIPRU CLOPs vo wes Kh a GO 8 12 .O1 13 
Second tier . . . 1... eo eo 48 02 50 

Remove boards from tiers. ..... 05 = 05 


Transpert load 100 feet (for 
different distances adjust pro- 
ductive time by 0.004 per foot). . 65 03 68 


Move by electric industrial fork-lift 
truck--48—-bex loads 


Pickup load from truck bed. .... 07 o 07 
Pickup load from open floor level . 05 = 05 
Pickup lead in cold-sterage room— 
open area high piled (average ef 


SB CLOTS) ois % 6.6 bs Ho 614) # es e = 09 
BAP At C1Ol 65 6 co dows ol acel es 05 = 05 
Second tier . . . 2. 2. 2. 2 oe oe -O7 - 07 
Third tier. «6 2). 6 8s ss « « 14 O01 225 


Release lead on 4-wheel dolly at 
dumper e e e e e e @ e e@ @ e e e@ @ etl Ol ~l2 


aay ae 


Base 


tine 


Fatigue 
allowance 


Man-hours Man-hours 


Release load and position on floor at 

GUMPGY is 4 6 6s 66 ee ee Se eS 0.10 
Release load in open floor area... O04 
Release load in coldestorage room-- 

open area high piled (average of 


BRACE). bo ti rahe. eae: Glan te Be ss .09 
Pires Ulery. 'c: ulewd. & aS Oe ee O04 
Second tier ...6sssses eee .08 
Third tier. .... or 5 


Transport lead 100 feet (for different 
distances adjust productive time by 

0.0016 per foot. Under 32 feet pro- 

ductive time # 0.00594 4 0.0136). . 029 


Move by electric fork-lift truck-= 
40-box loads 


Pickup load from open floor level . . 06 
Pickup load in cold-storage room 
open area high piled (average of 


PANOSS) sx x be ww te SS: a ee 10 
First: tier... 6. 616. 0 ie 6. be ore -05 
Second tier... ses ce vee -08 
EMATG CIOL 636 4 So ew 8S OS ok! 

Release load in open floor area... O04 
Release load in coldestorage room-- 

open area high piled (average of 

BS. A1GfS) Sa a. w Sire:6.-8. we fe we 11 
Pivet GLCP. «i & ee oa ee 05 
Second tler . . 6 4s 6 ss «© # » % LO 
Chitd ‘Cll. 6. 2 e683, a SS ee 18 

Transport load 100 feet (for different 
distances adjust productive time by 

0.002 per foot. Under 32 feet preduc- 

tive time = 0.0074 £4 0.0168) .... 36 

Move _by electric forklift truck-= 
36—box loads 
Pickup load from truck bed. ..... «LO 
Double pickup lead from truck bed. . 16 
Pickup load from fleor level. .... -06 


Pickup load in cold-storage room—= 
open area high piled (average of 
3 tiers) e e @ e @ e e © e e ® @ @ ° e 12 


Preductive 
time 


Man-hours 


0.11 
-O4 


38 


= 85 = 


Base Fatigue 
time allowance 


Manehours Man-hours 


Werst Cier <4 6 4a & we Sw ce SDS 0.06 


Secend tier... ...c-cecevcse ell 0.01 

Tid GLO: -% ve oe ete sw os ee 19 .O1 
Release load on reller conveyor at 

GQUMpON 0465 6 se ee oe 07 ox 
Release load on floor level ..... 04 = 


Release load in cold-storage room-= 
epen area high piled (average of 


SPtders) G2. s = 64) Gl ase ee 13 -O1 
First tier. t. sic 4 be ees tsh Sete 06 = 
SOCond TISr 5 « « 4 es ees 4 eS oat OL 
Third tier. .... a ee ee ae eal .O1 

Transport load 100 feet (for different 
distances adjust preductive time by 
0.0023 per foot) ....-. 2c ceces 239 .02 
Move by electric fork-lift truck—— 
Q=-box loads 
Pickup load from fleor level. .... 07 = 
Pickup lead in cold-storage room— 

open area high piled (average of 

BMLlera) 2 ¢.22 vs a, Se a ee 14 -O1 
Paret ier... . «6 2 4 -s 6 se « Ses O07 os 
Second tier... 1. cs ce seas s43 OL 
Third tier. @ @ @ @ ® @ @ @ © @ ® @ 23 Ol 

Release load on floor level ..... 005 - 
Release load in celdestorage room—— 

open area high piled (average of 

BS ALOUS) 2. 5 eo od a Se Bl Ss 16 01 
Paret tier, s «« «s+ see @ 08 = 
Second tier... 6 6s se sw se ss mp Ol 
OnE AlOr ss «<6 «. 8 6 ee «26 -O1 

Transport load 100 fect (for different 
distances adjust preductive time by 
0.0027 per foot) ......-sece 047 02 
Move soline—powered industrial 
fork-lift truck--48—box load: 
Pickup load from truck bed. ..... 07 = 
Pickup load from epen floor ..... 04 = 


Pickup load in cold-storage room-- 
open area high piled (average of 


3 tiers) 


o ee @ ee © © © @©@ © © © © @ 09 - 


04 


09 


= 86 - 


Base Fatigue Productive 
time allowance time 
Man-hours Man-hours Man-hours 


First (iets -5.0e. ws 4. @ jo sie we le 0.05 = 0.05 

Second tier. 2.6.0 <\% 64°68. * O07 - O07 

MAI rd Phe 6: Bh ete. he enw ep Bice: old 0.01 015 
Release load on 4-wheel dolly at 

GUIEDOP 5: ss: 55-4 Gs e946 “ae wie sak ~O1 12 
Release load and position on fleor 

at dumper. . 1. 6 ss 2 ce 0 6 6 8 -10 -O1 ell 
Release load on open floor. .... O04 - OZ 


Release load in coldestorage room-= 
open area high piled (average of 


3 tiers) e@ e800 080 © © @ @ @& @ @ 06 = 06 
First tier. .. 1.2. 2 ee ee ee O04 - 04 
Second tier oo eee ee © © @ © © @ -06 - .06 
Third tier, . 2. 1. 6 ss ee wee 08 = .08 


Transport 100 feet (for different 
distances adjust productive time 
by 0.0011 per foot). ...... 2h Ol 025 


Move by gasoline-powered industrial 
forkelift truck—40-box load: 


Pickup load from open floor .... .05 - -05 
Pickup load in cold=-storage room= 
open area high piled (average of 


BS ASEPE) 42 ei ke ane: Se eS 10 eO1 ell 
First tlere..« 4 % + -3. 2 2 6 4 % 05 = 05 
Second tier fs . 6 és bs © els 08 - -08 
THATOCLOr, «lc 4 6.5. 6 s © ees 17 O01 18 
Release load on open floor. .... O04 = 04 
Release load in cold=-storage room-—— 

open area high piled (average of 

a) ) ee a rene .07 - .07 


Second tier eee @ e @ e e ® e e 
Third tier. .... oe ec ee 
Transport 100 feet (fer different 
distances adjust productive time 
by 0.0013 per foot). ......e-. 229 Ol 30 


Move by electric low-lift pallet 
transporter--48—boxes: 


Pickup load from open floor... . ell -O1 12 
Release load on epen floer. .... 12 OL 13 


First tier. ....c0cccce O04 -= OL 
. 07 


- 87 - 


Base Fatigue Productive 
time allowance time 
Man-hours Man-hours Man-hours 


Transport 100 feet (for different 
distances adjust productive time by 
0.00148 per foot). ..... 2. 0.35 0.02 0.37 


Move by electric low-lift pallet 
transporter--40 boxes: 


Pickup load from open floor... . 12 Ol 13 
Release load on open floor, .... old Ol o1L5 
Transport 100 feet (for different 

distances adjust productive time by 

0.00177 per foot). ......6-. 042 .02 44 


Move by elevator: 
Release 6-box load in elevator by 


hand truck 64.604 a s.4 -« « @ 4°% 29 03 ~32 
Release 24—box load in elevater by : 

Glamp truck... 6 «<< « &-s 6 * * 08 = 08 
Release 48=box lead in elevator by 

forkelift truck. . . .. 2. 6 2 © » 05 = 05 
Pickup 6-box lead in elevater by 

hand truck ..... - ie es 29 .03 ~32 
Pickup 24=-bex load in elevator by 

Clamp TFUCK 2c) oe) eS 6) Om 15 .O1 016 
Pickup 48-bex lead in elevator by 

forkelift truck, . .. 2.2.0 oe « -06 o 06 


Open and close elevater doors: 


72=-box capacity elevator. .... oak, .02 26 

80-box capacity elevator. .... Ayal 202 023 

138-box capacity elevator .... 12 -O1 13 

162=-box capacity elevator .... 10 Ol sil 
Transport in 72=-box capacity 

elevator: 

1 floor (14 feet) ......... .08 = 08 

2 floors (28 feet). . . 1... 015 = 15 
Transport in 80=box capacity 

elevator: 

l floor (14 feet) ......20-. .O7 = .O7 

2 floors (28 feet). . . .. 3s 6. 13 2 13 
Transport in 138=box capacity 

elevator: 

1 floor (14 feet) ......6-6 04 - O04 


2 floors (28 feet). @ @ o @ @ ® ° 08 = 08 


- 88 = 


Bage Fatigue Productive 
time allowance time 
Man-heurs Man-hours Man-hours 


Transport in 162-box capacity elevators 
1 floor (14 feet) rt) ° ° @ C) e ® @ eo @ QO, O4 Ss 0, 04 
2 floers (28 feet) eo ® © © © © 6 @ 07 eS 07 


Standard Data_on labor Requirements for Handling 1,000 Boxes 
of Apples by Specified Innovations 


Base Fatigue Productive 
time allowance time 
Man-hours Man-hours Man-hours 


Unloading roller conveyor truck bed on 
plywood pallets: 


Placing pallets on truck: 


DOCUD 6, a: wie vehi Ser eae eee es 0.08 
CLOSMUD \506><c gs ere a ewe ee. © 226 
TOCAL. 6 6 654s oS & HR He RE ee 224 _— 0.34 
Position pallets. .... oie ts 16 0.03 19 
Pulling loaded pallets off truck: 
SOUND 6s a a an BS Oe we 04 
CLOQ@HUD +. 4 60° 4-e es 48 4 Se .09 
TOUOL 26 6: ners: oe ne Se OS ar at ee si 3 - eL3 
Move pallet leads 15 feet ..... 30 06 36 
Stack boxes on belt conveyor and 
remove pallets . .....6-se-e-cee 1.31 226 1.57 
Position pallet loads for unloading . 19 O04 .23 
Move by gasoline-powered industrial 
broad-blade fork-elift trucke-36-box 
load: 
Pickup lead from fleor level. .... 09 = 09 
Pickup load from truck bed equipped 
with dumnage strips. . .. ....o. 18 .O1 19 
Pickup load in cold=-sterage room 
(average of 3 tiers) ..... 2.0. o2l Ol .22 
First tier (floor level). ..... .09 os .09 
Second tier . . 2. 2 ee ee eae oak -O1 22 
Third Tier. <. 24 4% oe es 33 02 035 


Release load on roller conveyor at 
OUMEPO?: 6. <i: 6° WS Oe we, 2 Sa 09 = 09 


- 89 . 


Base Fatigue Productive 
time allowance time 
Man-hours Man-hours Man-hours 


Release load in cold-storage room 
(average of 3 tiers) ....... 0,22 0.01 0.23 
First tier (floor level). .... 08 - .08 
Second tier 2 <4 6 ww & ae « 218 OL 19 
Phird Clerics a6 oe ee os 239 .02 41 
Place special top tie frames on road 
truck preparatory to unloading . . 06 Ol 07 
Place special top tie frames on each 
unit load on road truck preparatory 
to unloading . . 1... 0 «ee © e a Ke) 02 a2 
Transport load 100 feet (for different 
distances adjust productive time by 


0.0035 man-hours per foot) .... 42 02 44 
Place dunnage on floor of cold-storage 

room to support first tier .... a2 OL 13 
Stack 6-high from 3-high with pusher 

attachment on orchard trailer. .. 66 07 073 


Elevating from basement to main floor 


fork-lift truck--40-box load: 


Elevate load. @ e @ © e @ © e @ °e e mm Ke) OL etl 
Release load on main floor. .... .05 = .05 
Lower forks o © ee © @ © © © © @ @ e 03 = ° 03 


Lowering from main floor to basement 
by fork-lift truck--40-box load: 


Raiee: forks ss. ok ss * 3 Ss .06 OL 07 
Pickup lead on main floor ..... 07 Ol 08 
Lower 10d, « sss «© 6s ee 6 ws O04 = 04 
Move by gasoline-powered industrial 
clamp truck--12-box_ load: 
Pickup load on truck bed-=manual tilt. . .19 -O1 220 
Pickup load from open floor level— 
Manual tilt. . 2. .sseec eee 6s 8 0th -O1 19 
Pickup load frem open fleor level 
hydraulic tilt 1.10.56 ¢ 00 « «6s «Al OL 22 


Release load in open area--manual 

or hydraulic tilt. . . . 1. «6 « - eth OL oL5 
Transport load 100 feet (for different 

distances adjust productive time by 

0.00565 per foot), . 2... 2 6 6 6 2 e082 04 86 
Separate stacks with truck prongs. ..  .08 - 08 
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Washington State Apple Packing and Storage Plants 


in Which Research Was Conducted 


Allen Brothers, Naches 

Cashmere Fruit Growers, Cashmere 

Congdon Orchards, Yakima 

Cowiche Growers, Cowiche 

Cubberly, F. H., Fruit Company, Tieton 
Forney Fruit and Produce Company, Yakima 
Garretson, Lloyd, Company, Yakima 
Gilbert Orchards, Wiley City 

Karr Warehouse, Yakima 

Larabee Packing Company, Tonasket 

Mahre Brothers, Gromore 

Methow Valley Growers Service, Incorporated, Pateros 
Monitor Federated Growers, Monitor 

Ninth Street Skookum, Wenatchee 

Okanogan Cooperative Growers, Okanogan 

_ Okanogan Growers Union, Okanogan 
Oroville United Growers, Oroville 
Pacific Fruit and Produce, Yakima 

Perham Fruit Corporation, Tieton 
Peshastin Fruit Growers, Peshastin 
Prentice Packing and Cold Storage Company, Westbrook 
Ranier Fruit Company, Yakima 

Scogin Orchards, Yakima 

Snow King Orchards, Tieton 

Thorndyke and Sons, Oroville 

Tonasket Ellisforde Growers, Tonasket 
Wenatchee-Wenoka Growers, Wenatchee 
Yakima Fruit Growers Association, Wapato 
Yakima Fruit Growers Association, Weikel 


Equipment Manufacturers and: Distributors Who 
Cooperated in Research 


Air-Mack Equipment Company, Seattle, Wash. 

Clark Equipment Company, Grand Rapids, Mich. 

Food Machinery and Chemical Corporation, Yakima, Wash. 
Grand Specialties Company, Chicago, Ill. 

Mathews Conveyor Company, San Carlos, Calif. 

Preston Faller Company, Seattle, Wash. 

Van Doren Machine Shops, Wenatchee, Wash. 

Youngs' Iron Works, Seattle, Wash. 
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